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Introduction

1.1 Introduction

In this tutorial, you will design a heat exchanger network for a crude pre-
heat train. A network will be created based on a process flow diagram
proposed by a contractor. The concepts introduced here are used
throughout the tutorial:

» creating process and utility streams,
» adding heat exchangers, and
» using the worksheet to manipulate the network.

Crude oil is often fractionated to produce saleable products such as
heavy and light naphtha, kerosene, gas, and fuel oils. The proposed
flowsheet was adapted from B. Linnhoff, D.W. Townsend, et al' and
appears in Figure 1.1. The crude oil is split and heated in two heat
exchangers, 10 and 6, by the Fuel Oil and Light Naphtha product
streams, respectively. The crude feed is then mixed back together and
passed through the desalter unit.

Effluent leaving the desalter is heated up further in heat exchangers 9, 7,
8, 5, and 4 by the product streams Heavy Naphtha, Kerosene, Reflux, Gas
0Oil, and Fuel Oil, respectively. An air cooler, coolers using cooling water,
and boiler feed water heaters are used to further cool the product
streams down to their target temperatures.

After the crude oil has been heated by the products, it is passed through
a Pre-Flash operation to remove the Light naphtha cut. The heavier
components from the Pre-Flash operation are heated by the hottest
portion of the fuel oil in heat exchanger 3, and then passed through two
furnaces. The crude tower takes the heated feed, and separates the Light
Naphtha and the Fuel Oil cuts. The remaining cuts pass to the second
column, the stripper. The stripper column also produces three other
products: Gas Oil, Heavy Naphtha, and Kerosene.
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Entering Process Information

1.2 Entering Process Information

In order to analyze and create the heat exchanger network described

earlier, all of the information from the pre-heat train must be entered
into HX-Net. This includes all process stream information and utility
stream information.

1.2.1 Setfing Unit Preferences

Before you begin, verify that the units currently selected in the
preferences are the ones you want to use. For this example, the desired

unit for energy is MW.

1. On the Tools menu, click Preferences. The Session Preferences view
appears.

2. Click on the Variables tab, and select the Units page.

Select EuroSI from the Available Unit Sets list, and click the Clone
button. You have created a custom unit set.

Figure 1.2

i

=+ Session Preferences [HYCON.PRF) E
Variabl ~Available Unit Set
: EuroSl e
Unite Field — IR
Faimats glewuger &I
Unit Set Hame  |Mewllser iew Users,.. |
Display Unit
Uit | Wiew |
Wapour Fraction Unitlezz
Temperature Add |
Fressure bar Delete |
Flows kamolesh
Iazs Flow kah | =]

General Valiablesl Reports IFiIes I Resources |

&

4. Inthe Unit Set Name field, change the name of the custom unit set
to Energy Integration-Euro SI.
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5. In the Display Units group, scroll through the table until you find
Energy. The current energy flow unit is set to kcal/h.

There is no MW unit in the Energy unit drop-down list, only kW. Since
HX-Net does not have the required unit, the MW unit will be created

using the User Conversion.

6. Click on the Unit cell for Energy, then click the Add button.
The User Conversion view appears.

In the Name field, enter MW.
In the second field, enter the conversion factor of 1000, as shown in
the figure below.

'-’ User Conversion
Hame
[ = [00e 005 ][+ =] ks + [poomo

9. Click the OK button.
The User Conversion view closes, and you return to the Units page.

The Energy unit cell now displays the new unit MW*.

Figure 1.4

.+ Session Preferences (HYCON_PRF)

Available Unit Sets

Variabl
5 Energy Integration-Eura S| Clone
Units EvuaSI
Fommats Field Delete
sl

Unit Set Name |Energy Integration-Euro 51

Wil

Display Units
Lnit - Wiew

Energy B |

tdolar Dengity kamole/m3 | Add

Heat Capacity kJ Mkgmole-C

Entrapy kJ kgmale-C m

Thermal Cond. whimb | x|

General Wariables | Feports JFiIes Fesources J
= =
W | 10. Click the Close icon to close the Session Preferences view.

Close icon
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Entering Process Information

1.2.2 Creafing a Hl Case

Now,

you can create the Heat Integration (HI) Case.

To access the main HI Case view, do one of the following.

Heat Integration Manager icon

1-6

From the Features menu, select HI Case.

From the Managers menu, select Heat Integration Manager. The
Heat Integration Manager view appears. In the left column, select
HeatIntegrationCase, then click the Add button.

On the tool bar, click the Heat Integration Manager icon. The Heat
Integration Manager view appears. In the left column, select
HeatIntegrationCase, then click the Add button.

When the HI Case view appears, and you should see the Process Streams
tab as shown in the figure below.

Figure 1.5

b’HI Case: Case 1 !E E
" Inlet T | Dutlet T MCp Enthalpy o HTC Flowrate | Effective Cp| DT Cont.
ame [C] [C]  [MMKCal/hrCe M) 0™ [k calth-m2-C] [kah] [k kg-C] IC]

4 8 X

Process Slleamsl tility Streams I Economics I Options I Hotes |

w Set Up Operations (=2 |
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1.2.5 Entering Process Stream Dafa

You will now begin entering the stream information, starting with the
Fuel Oil stream.

1. Click in the Name column.

2. Typein the name Fuel Oil, then press the ENTER key. The cursor
automatically moves to the Inlet T cell.

3. This stream exits from the bottom of the crude tower at a
temperature of 349°C.
Ensure that the Inlet T cell is active, and type 349.
The default unit that appears in the unit drop-down list is already
degrees Celsius, so it does not need to be changed.

4. The desired outlet of this stream is 194°E The default units are in
degrees Celsius.
Ensure that the Outlet T cell is active and type 194.
To change the units, do one of the following:

e Click on the drop-down list that appears and select F.
OR

e Press the space 8ar and type F, then press enter. HX-Net
automatically converts the value to the default units.

Figure 1.6

pHI Case: Case 1 [_[O[=]
Inlet T | Outlet T My Enthal HTC Fl t
Neme e IMM Cabhet MW 5% a2 c]| ot
Fuel Gil 349.0 194 F JE3 ] 1721
o - |
Cama—
R
|
K1 |
Process Slleamsl Utility Streams I E conomics I O ptions I Hotes |
é? ﬁ X: w Set Up Operations =3 >
The temperature value in the Once the inlet and outlet temperatures are entered, HX-Net determines
Outlet T cell automatically h soi s :
ream h r cold. The stream is indi in th
changes from 194°F to 90°C, the stream type as hot or cold. The stream type is indicated in the
because degrees Celsius is second column by a red arrow for hot streams or a blue arrow for cold
the default unit. streams.
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Double-clicking in the HTC
column opens the HTC
Default Values view, which
displays a list of default heat
transfer coefficients for
various materials.

Always click the target Outlet
T cell before clicking the
Insert Segment button. If you
insert the segment values in
the wrong order, a warning
appears.

1-8

5egmenting Process Sfreams

To complete this stream’s information, the enthalpy or flow heat
capacity must be entered. All other information is optional.

For this example, the Fuel Oil stream must be segmented. Stream
segmentation is extremely useful for streams that change phase or have
non-linear variations in enthalpy as the temperature changes.

1. Double-click in any cell of the Fuel Oil row (except for the HTC
column) to open the Process Stream view.

Figure 1.7

‘  Process Stream: Fuel Oil | x|
#  [Flowrate [kg/h] ] =||
Total Heat Load [bfw*] | 0.0000 |
Inlet T Outlet T Effective Cp MCp Heat Load HTC
[C] IC] [kl kg-C] [kJ/C-h] [da<] [kl #h-m2-C]

1l 3490 a0.0 7200

Insert Segment | Delete Seament | [elete Al

-
Segment Data I Physical Properties I Graphs |

2. Toadd a segment, click in the target outlet temperature cell (90°C)
and click the Insert Segment button.
A blank row appears above the target outlet temperature.

3. The outlet temperature of the first segment is 243°C.
Click in the empty Outlet T cell and type 243.

4. The enthalpy for this section is 22.8 MW.
Click in the Heat Load cell and type 22.8.

5. Repeat steps #2,#3 and #4 to add more segments with the following

information:
Segment Outlet T (°C) ‘ Heat Load (MW)
213 5.9
167 8.2
90 12.9
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6. After entering the information for the last segment (167°C to 90°C),
the process stream is complete as should appear as shown in the
figure below.

Figure 1.8

¢  Process Stream: Fuel Oil | _ (O] x|
»  [Flowrate [ka/h] Il
Total Heat Load [b4*] | 2422
Inlet T Outlst T Effective Cp MCp Heat Load HTC
[C] [C] [kl k-] [ll /C-h] [t ] [l /h-m2-C]
3490 2430 1480 2280 7200
2430 2130 - | 2.034e+004 5300 F20.0
2130 167.0 9544 8.200 F20.0
167.0 an.0n 3624 [ 1290 7200
Inzert Segment | Dielete Segment | Delete Al
=
Segment Data ‘ Physical Properties J Graphs |

N

To view the temperature versus enthalpy plot, click on the Graphs
tab. The plot appears similar to the figure below.

Figure 1.9

*  Process Stream: Fuel Oil =] E3

r'd | Temperature vs Enthalpy j

Temperature - Enthalpy Diagram

Temperature (C)
=]

0@m  s0m M S0 AW M ;M 30 0M @ Sm

—  Temperbre u Enhapy

Enthalpy (ML=

Wiew Standdlone Plot
N Segment Data J Physical Properties  Graphs

ﬂ 8. Click the Close icon to return to the Process Streams tab of the HI
Case view.
Close icon The red arrow beside the stream name indicates it is a hot stream.
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Now that you know how to successfully enter process stream
information and create segmented streams, enter the following stream

information.
Enter the stream name, first Inlet T value and the target (last) Outlet T
value on the Process Streams tab before accessing the Process Stream
view to enter the segment information.
Enter only the Outlet T values and the Heat Load/Enthalpy values; the
Inlet T values are calculated for you.
If you try to enter the segment values in the wrong order, a warning
appears.
Stream Name ‘ Inlet T (°C) ‘ Outlet T (°C) ‘ Heat Load/Enthalpy (MW)
Gas Oil 341 210 13.8
210 172 3.6
172 111 5.3
111 65 35
Kerosene 268 135 8.7
135 38 5.2
Reflux 251 169 8.6
169 77 8.4
Heavy Naphtha | 235 127 0.8
127 38 0.6
Light Naphtha 168 136 19.2
136 118 8.6
118 108 4.1
108 71 11.2
Desalter Feed 15.6 121 39.9
Pre-Flash Feed 120 122 0.8
122 163 17.3
163 186 13.8
186 194 5.8
Crude Tower 189 237 22.9
Feed 237 265 13.9
265 368 68

1-10
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9. After entering all the information in the above table, the Process
Streams tab in the HI Case view appears similar to the figure below.

Figure 1.10

PJHI Case: Case 1 !E m
Name Inlet T | Outlet T MCp Enthalpy Coam HTLC Flowrate | Effective Cp| DT Cont.
[C] [C]  |[MMkCalfhrC]))  [Mw] 9 [kealthm2C] | [kg/h] [kl kg C] IC]

Fuel Oil | /| 3480 0.0 4380 | o Global
Gas Oil | 3410 £5.0 2620 | o Global
Kerozene | 7| 2680 380 1280 | o~ Global
Reflux | 1 251.0 10 17.00 | » Global
Heawy Napththa | 0 235.0 38.0 1.400 | » Global
Light Maphtha | »  168.0 7.0 4310 | o Global
DesalterFeed | # 156 | 121.0 0.3257 33.90 1721 Global
Pre-Flash Feed | # 1200 | 1340 LR Global
Crude TowerFeed | #1890 | 382.0 1048 [ Global

Naw™

Process Slleamsl Utility Streams I E conomics I Options I Hotes |
é? ﬁ *x w Set Up Operations (=3 4

1.24 Entering Uriliy Stream Dafa

Now that all of the process stream information has been specified, the
utilities to be used for heating and cooling must be specified.
1. On the HI Case view, click on the Utility Streams tab.

The utilities for this example will be selected from the list of default
utilities included with HX-Net.

2. Inthe Name column, move the cursor over the <empty> cell to
activate the down arrow _=l.

Figure 1.11

’-’HI Case: Case 1 !E E
N Inlet T | Outlet T | CostIndex S HTC Target Load | Effective Cp | Target Flowrate| DT Cont.
ame Ic] 0] [Costieir] BT fealhem2C] | [Mw] Tk Mg 0] Tkgrh] 1]
<e_mpt_u>

e
Process Streams  Uility Slreamsl E conomics I Options I Hotes |

47 3T /_> Hot |IEHSERE Cod IESHHSER SetlpOperations. | [C=e3

The Hc(t and Cold status bars appear below the tab when the Utility Streams tab is
selected. The status bars indicate that there are not enough hot and cold utilities to
satisfy the process streams.

3. Click the down arrow to open the drop-down list.

1-11
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Entering Process Information

4. Scroll through the list until you find Cooling Water, then select it.

Figure 1.12
prurcaseicaser _________________________________________________________ MEH

y-'HI Case: Case 1 !lﬂ E
N Inlet T | Outlet T | Cost Index 5 HTC Target Load | Effective Cp | Target Flowrate| DT Cont.
ame IC] 1] |[Costikwipr] > %™ kealthm2-Cl | [Mw] [kd/karC] [kash] [c]
Cooling *ater 20.0 250 E.700 3227 25.41 4183 | 4.374e+006 Global
<emphys

Utility Slleamsl Economics I Options I Notes |

Hat _ Cald _4\ Setb lp Operations | = o

The Cold status bar indicates that cold utilities are now sufficient. This means that the
cold utility entered can be used to cool all of the hot process streams.

—
Process Shieams

£ 3

5. Repeat steps #2 - #4 to add the following utilities:

+ LP Steam Generation
e Air
* Fired Heat (1000)

The Utility Streams tab should now appear similar to the figure below.

p? HI Case: Case 1

Figure 1.13
prucesecaser _______________________________________________________ MEEK

[ B3

Name Inlet T | Outlet T | CostIndex Geam HTC Target Load | Effective Cp | Target Flowrate| DT Cont.
IC] 0] |[Costekiwipr] *"T™ koalth-m2C] [hdia] [kl /kg-C] [kath] IC]
CoolingWater | A 200 260 E.700 3227 0.0000 4.183 0.0000 Global
_P Steam Generation | #1240 1250 -59.60 5163 2014 2196 | 3.307e+004 Global
Air L 30.0 350 0.0000 PR 5,273 1.000 3.797e+006 Global
Fired Heat [1000] 1000.0 400.0 134.0 35.51 56.41 1.000 | 3.385e+005 Global
<Emply:

T
Process Streams  Utility Slleamsl E conomics I O ptions I Hotes |

4og e oo -

Set Up Operations =3 >

4 ) .
The Hot status bar now displays a sufficient status.

All utilities have default costs associated with them. This cost
information is required to calculate the operating cost targets for the
system.

1-12
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6. Click the Economics tab.

Figure 1.14

M=l E3

’-’HI Case: Case 1

Heat Exchanger Capital Cost Index P.

Mame

b

Type

Heat Exchanger

— &
DEFALLT | 1.000e+04
G

a00.0

[
0.800

Capital Cost Index/Heat Exchaner] [$7] =a+bHeatEsch Area/Shells] “c*Shells
Capital Cost Index(Fired Heater] [$*] = a + bl Fired Heater Duty e

-Annualization:

Rate of Retur [z [10.0 ROR

Plart Life [pears): |5 ] BL

Annualization Factor = [1 + RORA00]"PL / PL

Matchwise Economics I B =

" Pracess Streams I Lltility Streams Ecunomicsl O ptions I Notes |

4

Set Up Operations |D-C| o

A default set of economic parameters is supplied by HX-Net.

Since at least one set of economic data must be available for the

calculation of the capital cost targets and network capital costs, this

information is left as is.

1-13
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1.3 Examining the Targets

Now that all of the data required to create the crude pre-heat train
network has been entered, you can examine the various engineering
targets calculated by HX-Net. These targets represent the performance
of an ideal heat exchanger network.

To open the Targets view:

1. On the HI Case view, click on the Open Targets View icon that
é? \ appears at the bottom of the view for all tabs.

2. The Targets view appears.

Figure 1.15

Open Targets View icon

p? HI Case: Case 1 Targets |_ (O] x|
~Energy Target: —&ea T arget: Pinch Temperature:
Heating [k 56.41 Counter Current [m2] E.1615e+04 Hat Cold
Coaling [Miw/~] 2541 1-2 Shell & Tube [mz] 7.9873e+04 1730C | 1630C
1340C | 1240C
~Mumber of Unitz Targets———————  Cost Index Targets
T otal Minimum 1 Capital [$* 1.501 e+007
Minirurn For MER 22 Operating [$*/vears™] E.359e+006
Shells 43 Total Annual [$*Avears™] | 1.119e+007

_—
Summal_vl Utility T argets I Range Targets I Plats/T ables ]

Dnin 00T Heotng | NSENEREINN ool INSHEER ,

The minimum number of units required to build this heat exchanger
network is 11. The network you will build is based on Figure 1.1: Process
Flowsheet, which has 19 exchangers (including heaters and coolers).
Therefore, the network that will be built will be over the unit targets. The
network, however, may require less energy from the utility streams than
the targets shown in the Energy Targets group.

1-14
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1.3.1 Range Targefing

One of the main objectives when creating a heat exchanger network is to
minimize the capital and operating costs. The minimum approach
temperature, DTmin, is a key parameter in defining the balance between
capital and operating costs. You can find the optimal value for DTmin by
performing a Range Targeting calculation.

1.
2.

On the Targets view, click on the Range Targets tab.

Click the Calculate button, located below the Range Targets tab, to
perform the calculations.

Click on the Plots page to view the plot, which displays the Total
Cost Index Target vs. DTmin, as shown in the figure below.

The optimum
DTmin is
between 15°C
and 25°C.

\ Table

pPHI Case: Case 1 Targets | _ (O] x|
Range Targets Raige Tanget £ A
Plots g I DeltaTmin LI
§ . ' Left A
i ’] Tatal Cost Index Target LI
- - : g ' Bight &
nnnn ' Mo Data -
“iews Standalone Plat IVI _I
Summary | Uity Targets / Range Targets I Plats/T ables |
? S Hangs ClagpFalculations | v
|
Click on the View StandAlone After the calculations are complete, the
Plot button to open a view with Calculate button is replaced with Clear
only the plot. Calculations button.

To find a better approximation of the optimal DTmin value, you
need to narrow the calculations.

Click the Clear Calculations button to clear the plot before you
perform a new calculation.

Click the DTmin Range button.
The Range Targets view appears. This view allows you to specify the
range of calculations.

In the Lower DTmin cell, enter 15.
In the Upper DTmin cell, enter 25.

In the Interval Size cell, enter 0.5. This is the step size that will be
used between the lower and upper DTmin values.
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Close icon
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Examining the Targets

The Range Target view should appear like the figure below:

¥ Range Target %]

Lawer D Tmin

16.000C

Upper D Tmin

25.000C

Step Size

0.5000 C

Lalculate |

9. Click the Calculate button. HX-Net automatically closes the Range
Target view and performs the new calculation. The results indicate
that the optimal DTmin value is 19.5°C.

Figure 1.18

DA’HI Case: Case 1 Targets !E E
Range Taigets Raige Target A
Plots I DeltaTmin j
Vel ' Left A
’] Total Cost Index Target j
== T 1T T T ] "Y Bight Ax
BakTeeic)
MoData -
Wiew Standdlone Plat I J
] Summary I Utility Target:  Range Targets I Plots/T ables |
& i Clear Calculations | [

10. To verify this value, click on the Table page.

11. Examine the values in the Total Cost Index column for the

minimum valu

e. Move across the row to find the corresponding

DTmin value. It is 19.5°C.

The new plot shows that the optimal DTmin value is 19.5°C. For the
purpose of this application, however, leave the DTmin value at

10°C.

12. Click the Close
HI Case view.

icon to close the Targets view and return to the main



Crude Pre-Heat Train Network

3%

Open HEN Grid
Diagram icon
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141 Accessing the HEN Design View

To access the heat exchanger network (HEN) design:

1. Inthe HI Case view, click the Open HEN Grid Diagram icon.

2. The Heat Exchanger Network (HEN) Design view appears with the

Grid Diagram tab active, as shown in the figure below.

'3HI Case; Case 1 HEN Design
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-

The Open Palette View icon allows you to access the Design Tools palette-
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&=

Open Palette View icon

o]

Open HEN Diagram
Properties View icon

1-18

1.4.2 Modifying HEN Diagram Properfies

1. To open the Property Presets view, do one of the following:

» On the HEN Design view, click the Open Palette View icon. The
Design Tools palette appears. On the Design Tools palette, click the
Open HEN Diagram Properties View icon.

OR

» Right-click on the Grid Diagram, and select Properties from the
Object Inspect menu.

2. From the list in the Property Presets view, select Preset 4:
(Temperature). This property preset sorts the streams by their
temperatures and displays both process and utility streams.

3. Click the Edit button. The Property Preset: Preset 4 view appears.

Figure 1.20

Property Preset: Preset 4: [Temperature] [=]

Stream Name
LF Steam Generation
Air
Coaling ‘W ater
Fuel Oil
Gas Ol
Ferozene
FReflux
Heavy Maphtha
Light Maphtha
Crude Tower Feed
Pre-Flash Feed
Desalter Feed
Fired Heat [1000]

=2 = & =

Stream Order | Annotation: | Notes

=)
=
o

NNNNRRRRRRNNN
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4. Click the Annotations tab.
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5. Inthe Heat Exchangers group, click the Middle drop-down list and
select Name as shown in the figure below.

The heat exchanger name will now appear above the heat exchanger
object in the Grid Diagram.

Figure 1.21

Property Preset: Preset 4: [Temperature] [x]
Heat Exchangers Streams
Top: Segments:

| MNothing j | Temperature j

Middle: Start

| Load j | Temperature j

Load X

Area Bt

HTC Temperature -
tdean Temp Diff

Mothing

Marne l:

P
Steam Order  Annotations | MNotes

ﬂ 6. Click the Close icon to close the Property Preset 4:(Temperature)
view and the Property Presets view.
Close icon
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&=

Open Palette View icon

To add heat exchangers,
mixers and splitters, the
Design Tools palette must be

available.
ool
T
Add Split icon
©

Bull's eye icon

e e

Blue Dot icon
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143 Rdding a Splifrer

To maintain a logical order, you will place the heat exchangers in a
position similar to that shown on the Process Flowsheet. The crude oil
feed is split before it enters heat exchanger 10 and 6 on the Process
Flowsheet, so we must split the Desalter Feed stream.

In this procedure, you will add a splitter to the Desalter Feed stream in
the flowsheet.

1. Click the Open Palette View icon, located in the bottom right corner
of the Grid Diagram tab.
The Design Tools palette appears.

Figure 1.22

ool 1%
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=e By
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Right-click and hold on the Add Split icon.

Drag the cursor over the Desalter Feed stream until the Bull’s eye
icon appears.

i

4. Now release the mouse button. The splitter appears as a solid blue
dot.

5. To expand the splitter, click the blue dot once. The stream will now
appear as shown in the figure below.

LIOE Iover FEEOITIOG

165 T Pre-taeh Feed
15

1

Desat ey Feen

Each segment of the split is called a branch.

The Desalter Feed stream exchanges heat with the Light Naphtha stream
in exchanger 6 and the Fuel Oil stream in exchanger 10. You will now
place the first heat exchanger on the Desalter Feed stream.
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144 Rdding Heal Exchangers
4’[2?23”

050 C

« fdding Heat Exchanger 6

Mapkitha
1680 C

Exchanger
&

In this procedure, you will place an exchanger between the Light
120 ¢ Naphtha stream and the Desalter Feed stream. This is Exchanger 6 on

the Process Flowsheet.

The streams on the Grid Diagram appear dashed because the energy in
the streams has not been satisfied. As heat exchangers are placed and
stream energy is satisfied, the lines representing the streams changes
from dashed to solid.

Heat Exchanger 6

1. Inthe Design Tools palette, right-click and hold on the Add Heat
x Exchanger icon.

2. Drag the cursor to the top branch of the split on the Desalter Feed

Add Heat Exchanger icon stream until the Bull’s eye icon appears.

= 3. Release the mouse button. The heat exchanger appears as a sold red
& dot.

4. Click and hold on the red dot, then drag the cursor to the Light
Naphtha stream. A light blue dot will appear underneath the cursor

i . as you drag it to the new stream.
Bull's eye icon

-

Red Dot icon

5. Release the mouse button. The heat exchanger appears.

|*-

-

Light blue dot icon
(under four arrows)
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The Grid Diagram tab should now appear as shown in the figure
below.

’-’HI Case: Case 1 HEN Design

1= B3

12600

RETT: [

T

LP SEam Ceremionan ¢

=00

Armoc

AEnc
31 ocfel ol

2= ncbes ol

1Z100

imoc

B e e e e — —— — — — i ——— —— — — — ———
3mp i hhia 1m0
e — — — ———— — —— —————— — — — — ——
15406 G Touer Feed 10

T et
e-flash Fee
1s5e ea

besaler Feed

«moc

Fired Heal (100

«|

2l =l 2

Infeasible H<: 0, H< Mot Calculated: 1 Unsatisfied Steams: 3 &

i Gnid Diagram | *#ork Sheet | Notes

HX-

Net may appear to move the heat exchanger to the bottom branch. If

this happens, adding a heat exchanger to the second branch later in the
tutorial will result in Exchanger 6 showing on the top branch (see Figure
1.28).

6.

Double-click either end of the heat exchanger (the grey circles) to
open the Heat Exchanger Editor view.

Click the Notes tab.
In the Name field, type Exchanger 6.
Click the Data tab.
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10. Click the Tied checkbox by the Desalter Feed stream (cold stream)
inlet temperature field. The view now appears as shown in the figure

below.
Figure 1.25
¥ Heat Exchanger Exchanger & M= E
Haot Strean: Light Naphtha —~
Hot Stream Inlet c r = = > Hot Stream Outlet
»-168.0C |<empt_u> |<empt_u> 71.00C -
Temperature Temperature
[~ Tied [~ Tied
dT Hot end: Dhuty: Area: dT Cold end:
0.0000 |<empty> |<empt_u> 0.0000
v
< EMmpy 15.60 C\ Cold Stream
R N A 7 Downstream
Cold Stream it - Si”:fsze:rt Desatecfeed Splitter
Upstream Mixer Lounter Current + Shell and Tubs Temperature (In
(Outlet) B Data | Connectivity J Parameters J T-H Plot J Mates this case, Inlet
Temperature x Under-zpecified Temperature
The Desalter Feed stream passes through the hottest part of the Light
Naphtha stream, therefore, you can tie the inlet temperature of the hot
stream entering the heat exchanger.
Since the Desalter Feed 11. Click the Tied checkbox by the hot stream inlet temperature field.

stream is being heated from
its initial inlet temperature,
you can “tie” this value to the
inlet temperature value found
on the Process Streams tab
on the main HI Case view.

Before the calculation can occur, you must specify the cold stream
outlet temperature.

12. In the cold stream outlet temperature field, enter 121°C. This value
comes from the Defaulter Stream outlet target temperature on the
Process Flowsheet.
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All values in blue have been The heat exchanger now solves and appears as shown in the figure
entered by the user and can below.
be altered. ’

All values in black have been -

calculated by HX-Net and
cannot be altered.
b’Heal Exchanger Exchanger 6 [ [ =]

Hat Strean: Light Maphtha

>
O O >
|1 BR.0C |1 344C I?W ooc
v Tied = | Tied
dT Hot end: Couty: Area: dT Cold end:
47.00C IW 9.95 M~ |2SD1 m2 |1 188C
I | Tiied ¥ Tied
I121.DC I15.BDC

Cold Stream: Desaler Feed
" Counter Current * Shell and Tube

-
Dalal Cornectivity I Parameters I T-H Plat I Hotes |

O meelstens D

EI 13. Click the Close icon to close the Exchanger 6 property view.

Close icon
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Adding Heat Exchanger 10
frge

Desalter Feed
1360

Fuel Cil

1200 1670 ©

Exchanger
10

1210 ¢

Heat Exchanger 10

1. Inthe Design Tools palette, right-click and hold on the Add Heat
x Exchanger icon.

2. Dragthe cursor to the empty branch of the split on the Desalter Feed

Add Heat Exchanger icon stream until the Bull’s eye icon appears.

= 3. Release the mouse button. The heat exchanger appears as a sold red
€ dot.

4. Click and hold on the red dot, then drag the cursor to the Fuel Oil
stream. A light blue dot will appear underneath the cursor as you

) . drag it to the new stream.
Bull's eye icon

-

Red Dot icon

|*-

-

Light blue dot icon
(under four arrows)
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5. Release the mouse button. The heat exchanger appears.
The Grid Diagram tab should now appear as shown in the figure

below.
Figure 1.28
'3HI Case: Case 1 HEN Design [_[O] =]
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6. Double-click on either end of the heat exchanger (the grey circles) to
open the Heat Exchanger Editor view.

Click the Notes tab.
In the Name field, type Exchanger 10.
Click the Data tab.

According to the Process 10. Click the Tied checkbox by the Desalter Feed cold stream inlet

Flowsheet, the Desalter Feed 3
is being heated from its inlet temperature field.

temperature of 15.6°C to its 11. In the Desalter Feed cold stream outlet temperature field, enter

target temperature, which is °
also the mixer temperature of 121°C, then pTess the ENTER key.

121°C. 12. In the empty hot stream outlet temperature field, type 120°C, then

We also know the Fuel Oil press the ENTER key. The exchanger solves.
stream temperature exits the

exchanger at 120°C.
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Figure 1.29

'-’ Heat Exchanger Exchanger 10 [_ O] x]
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13. Click the Close icon to close the property view.

HX-Net automatically calculates the inlet temperature of the hot stream
to be 232.7°C. From the Process Flowsheet, however, you know that the
temperature of the hot stream entering the exchanger should be 167°C.
In order to adjust this temperature, you must change the balance of
flows going through the splitter on the Desalter Feed stream.
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o]

Open HEN Properties View
icon

Remember, the heat
exchanger views and Split
Editor view are Modal views.
To open all views, you have to
click the Pin icon and change
the Modal views to Non-
Modal views.
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Rdjusting the Sphit Rafio

Before you adjust the split ratio, ensure the split ratio values are visible
on the Grid Diagram view.

1.

W

o

On the Design Tools palette, click the Open HEN Diagram
Properties View icon. The Property Presets view appears.

Click the New button. The New Property Preset view appears.
In the Name field, type Split Ratio, then press ENTER.

The Property Presets view reappears, and Split Ratio appears in the
list.

In the list, select Split Ratio, then click the Edit button.
The Property Preset: Split Ratio view appears.

Click the Annotations tab.

In the Streams group, click the Segments drop-down list and select
Split Fraction.

Click the Close icon on both the Property Preset: Split Ratio view
and the Property Preset view to close them.

The split ratio values now appear on the Grid Diagram view for the
Desalter Feed stream. The default ratio is 0.5:0.5.

Now you will adjust the split ratio.

1.

Double-click on either end of Exchanger 10 to open the heat
exchanger view. You want this view open so you can observe the
changes in the hot stream inlet temperature.

Open the splitter view by double-clicking on either end of the
splitter. The Split Editor view appears as shown in the figure below.

p¥ Split Editor [ [T
Spliter Branch Strean elier
Hame Flow Ratios | [M¢-100
[ 0.500
4= 70 0.500 =

Inlet temperature Outlet temperature
[f580 HENEE
 Tie | Adding Branch I o i

b

3. Arrange the heat exchanger view and the Split Editor view so you

can see both views clearly.
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To decrease the inlet temperature for Exchanger 10, you must transfer
less energy in the heat exchanger. An effective way of doing this is to
decrease the flow of the cold stream.

4. Inthe Split Editor view, Flow Ratios column, click in the top cell with
the blue text. Change the flow ratio value from 0.5 to 0.75 and
observe the inlet temperature change in the heat exchanger view.

The rows in the Branch

st b - Continue to adjust the split ratio until the hot stream inlet
twgeggicﬁef c:? fr:gssep?it_ e temperature for Exchanger 10 is about 167°C. The split ratio will be

Examine the Grid Diagram to approximately 0.2 for Exchanger 10 and 0.8 for Exchanger 6.

confirm which table row

_ Close the Split Editor view and the Exchanger 10 property views.
affects which branch of the

split. . . . . .
P The line representing the Desalter Feed stream is now solid. This means
that this stream’s energy requirements have been satisfied.
Figure 1.31
3es00 B i sanc
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e
1 7. Open the Property Presets view by clicking the Open HEN Diagram
Properties View icon in the Design Tools palette.
Open HEN Properties View 8. Select the Preset 4: Temperature to display the temperature value
icon

above the streams for each segment.

9. Click the Close icon on the Property Preset view to close the view.
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From the Process Flowsheet,
you know the air cooler cools
the Light Naptha stream from
the Exchanger 6 outlet
temperature of 107°C to the
stream target temperature of
71°C.

1-30

Rdding Two Coolers

You will now place an air cooler on the Light Naphtha stream and a
cooler on the Fuel Oil stream.
1. Follow steps #1 through #5 in Section 1.4.4 - Adding Heat

Exchangers to add an air cooler between the Air stream and Light
Naphtha stream, downstream from Exchanger 6.

»

Open the Heat Exchanger Editor view by double-clicking on either
end of the newly inserted heat exchanger.

Click the Notes tab. In the Name field, type Air Cooler.
Click the Data tab.
Click the Tied checkbox by the hot stream inlet temperature field.

e g e W

Click the Tied checkbox by the hot stream outlet temperature field.
The heat exchanger now solves.

Figure 1.32

’-’ Heat Exchanger Air Cooler HE E
Cold Stream: Ai
< O O
|35 ooc ISU ooc
¥ | Tied ¥ | Tied
dT Hat end: Douty: Area: dT Cold end:
7293C IH 18 M |2854 me |41 .ooc
¥ Tied i~ T\ed
U? ac |?1 ooc
) >
Haot Strean: Light Naphtha
i~ Counter Current i+ Shell and Tube
-—
Data I Connechivity I Parameters I T-H Plot I Notes |
X O Cakeulabons 0K

7. Add a cooler between the Fuel Oil stream and the Cooling Water
utility stream, downstream from Exchanger 10 on the Fuel Oil
stream.

8. Open the Heat Exchanger Editor view by double-clicking on either
end of the newly inserted heat exchanger.

9. Click the Notes tab. In the Name field, type CW1.
10. Click the Data tab.
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From the Process Flowsheet,
you know the cooling water
utility cools the rest of the Fuel
Oil stream from the
Exchanger 10 outlet
temperature of 120°C to the
stream target temperature of
90°C.

3e0c

1=0c

11. Click the Tied checkbox by the hot stream inlet temperature field.

12. Click the Tied checkbox by the hot stream outlet temperature field.
The exchanger solves.

The Fuel Oil and Light Naphtha streams should appear as shown in the
figure below.

Eicterger 10 ch
» RF: if]<] B
—_——— D . | 5
FLEl Gl
Enchanger & Al Goer
=y WA Toc
b4 e

Ugh! N=phira

You can only add heat
exchangers in the Grid
Diagram tab.

145 Using the Worksheer to Enter Heat
Exchanger [nformation

After the desalter operation, the crude oil is represented by the Pre-Flash
Feed stream. This stream will first pass through Exchanger 9 and transfer
heat with the Heavy Naphtha stream.

In the following procedure, you will use the Work Sheet tab to modify
the heat exchangers:
1. Close any property views that are open.

2. Follow steps #1 through #5 in Section 1.4.4 - Adding Heat
Exchangers to add a heat exchanger between the Pre-Flash Feed
stream and the Heavy Naphtha stream.
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3.

On the HEN Design view, click the Work Sheet tab (see figure
below). The newly added heat exchanger is named E-104.

Figure 1.34

Double-clicking on any heat exchanger name or stream name
will open the property view of that heat exchanger or stream.

The “yellow light”
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that this heat
Cold T in Cold Tout Hot T in Hot T out Load Area
Heat Exchanger Cold Stream o Tied ol Tied Hot Stream o Tied o] Tied (M~ [m2] c exchanger is not
Exchanger 6 || <= Desaler Feed 156 |V 121.0 | @ Light Maphtha 168.0 | v 1079 | v | 31.92 | 49184 if
Exchanger 10 |- Desaler Feed 156 | ¥ 121.0 | | Fuel Oil 1676 [T 1200 | W | 7.980 | 13939 fU”y specn‘led yet'
i Cooler | - Al 300 | = |0 = Light Naphtha 10749 | v 7.0 |V | 1118 | 28542
Ci1 | @ Cooling*water 200 | 250 = Fuel 0il 1200 | ¥ 90.0 || 5026 | 3246
E-104 || Pre-Flash Feed = |l — || Heawy Maphtha - | o
I i
[<|[e |+ &
Grid Diagram  ‘Work Sheet I Hotes |
4. Inthe Heat Exchanger column, click in the cell with E-104 and type

From the Process Flowsheet,
you know that both the
Heavy Naptha stream and
the Pre-Flash Feed stream
enter Exchanger 9 at their
inlet temperatures.
You also know the Pre-Flash

Feed stream exits the
exchanger at 122°C.

1-32

10.
11.

Exchanger 9.

In the Exchanger 9 row, click the checkbox in the Tied column
beside the Cold T in column.

Click the checkbox in the Tied column beside the Hot T in column.

Click in the Cold T out cell and enter 122°C. The final values are
calculated and appear on the worksheet. The “yellow light” icon
disappears, indicating a fully solved heat exchanger.

Click on the Grid Diagram tab.

To satisfy the rest of the energy in the Heavy Naphtha stream, follow
steps #1 through #5 in Section 1.4.4 - Adding Heat Exchangers to
add a heat exchanger between the Heavy Naphtha stream and the
Cooling Water utility stream.

Click the Work Sheet tab and rename the new exchanger CW2.

In the CW2 row, click the checkboxes in the Tied columns beside the
Hot T in and Hot T out columns. The exchanger solves.
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If necessary, refer to Section
1.4.4 - Adding Heat
Exchangers to review the
procedure for adding a heat
exchanger.

If necessary, refer to steps
#1 through #6 of Adjusting
the Split Ratio.

146 Complefing the Pre-Flash Secfion

To complete the section between the desalter operation and the pre-
flash operation, four more exchangers and five coolers must be added.
You can do this by using just the Grid Diagram tab, or both Grid
Diagram and Work Sheet tabs.

Safisfying the Herosene and Reflux Streams

1. Add a splitter to the Pre-Flash Feed stream downstream from
Exchanger 9. Refer to steps #1 through #5 in Section 1.4.3 - Adding a
Splitter.

2. Add a heat exchanger between the top branch of the split Pre-Flash
Feed stream and the Kerosene stream.

3. Rename the new exchanger Exchanger 7.

4. Click the Tied checkbox for both the hot and cold stream inlet
temperatures.

5. Inthe cold stream outlet temperature field, enter 163°C. This is also
the mixer temperature.

6. Add a heat exchanger on the other/empty branch of the Pre-Flash
Feed and connect the exchanger to the Reflux stream.

N

Rename the new exchanger Exchanger 8.

Click the Tied checkbox for both the hot and cold stream inlet
temperatures.

®

9. In the cold stream outlet temperature field, enter 163°C. This is also
the mixer temperature.
After the addition of these two exchangers, the Pre-Flash Feed
stream should appear similar to the figure below.

hlx]s]] i iz

1805 e A 1moc
—

Pre-Flash Feed

ssns iz
*

10. Adjust the split ratio of the Pre-Flash Feed stream, if required.
Ensure that the hot stream outlet temperature of Exchanger 7 is
135°C, and the hot stream outlet temperature of Exchanger 8 is
169°C. The default split of 0.50 to each branch should be sufficient.
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Pre-Flash
Feed

163.0

Heat Exchanger 5

1-34

c

c

11.

12.
13.

14.

15.
16.

17.

Add a heat exchanger between the Cooling Water utility and the
Reflux stream, downstream from Exchanger 8.

Rename the new exchanger CW3.

Click the Tied checkboxes for both the hot stream inlet and outlet
temperatures. The exchanger solves.

Add a heat exchanger between the Cooling Water utility and the
Kerosene stream, downstream from Exchanger 7.

Rename the new exchanger CW4.

Click the Tied checkboxes for both the hot stream inlet and outlet
temperatures. The exchanger solves.

Close any property views that are open.

safisfying e bas Oil Stream

1.

=~

© *® N

Add a heat exchanger between the Pre-Flash Feed stream,
downstream from the splitter, and the Gas Oil stream.

Rename this heat exchanger Exchanger 5.
Click the Tied checkboxes for both inlet temperatures.

In the hot stream outlet temperature field, enter 210°C. This value
comes from the Process Flowsheet

Add another heat exchanger between the Gas Oil stream and the LP
Steam Generation utility, downstream from Exchanger 5.

Rename this heat exchanger BFW Heating 1.
Click the Tied checkbox for the hot stream inlet temperature only.
In the hot stream outlet temperature field, enter 172°C.

Add one more heat exchanger between the Gas Oil stream and the
Cooling Water utility, downstream from BFW Heating 1.

. Rename this heat exchanger CW5.
11.

Click the Tied checkboxes for the hot stream inlet and outlet
temperatures. The exchanger solves.
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Safisfying the Pre-Flash Feed Stream

This is the last heat exchanger required to satisfy the Pre-Flash stream.

1. Add a heat exchanger between the Pre-Flash Feed stream and the
Fuel Oil stream, upstream from Exchanger 10 on the Fuel Oil stream.
2. Rename the heat exchange Exchanger 4.

3. Click the Tied checkboxes for the Pre-Flash cold stream inlet and
outlet temperatures.

4. Inthe hot stream inlet temperature field, enter 243°C. This
temperature come from the Process Flowsheet. The heat exchanger
solves.

The Grid Diagram tab and Work Sheet tab should now appear
similar to the figures below.

Figure 1.36
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Figure 1.37

P HI Case: Case 1 HEN Design [_ (O] x|
Heat Exchanger Cold Stream Col[dci[ " Tied EDI‘[:HDN Tied  Hot Stream HDH " Tied Hot[g]out Tied [Ir:f\zd,‘] A[r_[neZ?
Exchanger B | - Dresalter Feed 155 |V 121.0 | [ | Light Maphtha 168.0 |V 1079 | W | 31.92 | 43184
Exchanger 10 | G- Desalter Feed 156 | 121.0 || Fuel Oil 1676 [T 1200 | v | 7960 13334
Air Cooler | g+ Air 300 | F 35.0 || Light Maphtha 107.9 | ¥ 71.0 || 1113 | 28542
O | o Coaling '+ ater 241 || 0= Fuel il 1200 | v 900 || 5026 | 3329
Exchanger 9 | <= Fre-Flash Feed 1200 | v 1221 | W | Heavu Maphtha 2350 | v 1220 v | 08337 | 3007
Oz | g Cooling " ater 20| | 241 | W | Heawy Naphtha 1220 | v 380 | v | 056R3 E3.2
Exchanger 7 | <= Fre-Flash Feed 1221 | W 163.0 | @ k.erosene 2680 | IV 135.0 | W | 8702 | 23068
Exchanger 8 | - Fre-Flash Feed 1221 | v 163.0 | [0 Reflus 251.0 | v 169.3 | v | 8564 | 15354
O3 | Cooling ' ater 225 | | 240 || Reflux 1693 |V 770 || 8436 | 4810
Cw'd | Coaling 'water 215 | |E 25 || Kerosene 1350 |V 00|V | 5198 | 5523
Exchanger 5 | G- Fre-Flash Feed 163.0 |V 186.0 |V Gas Ol 4.0 | ¥ 2100 | ¥ | 1380 1539.4
BFw Heating 1 | g+ LP Steam Generation 1240 [ @ 1250 |[[@ Gas Ol 2100 | v 1720 | v | 3600 | 2877
O | g Coaling ' ater 200 || 216 || Gag Ol 1720 | v ER.0 || B800| 5222
Exchanger 4 | <= Fre-Flash Feed 186.0 | v 194.0 | v Fuel il 2430 | [ 2135 |[| hB800 | 16055
<] ]
ERENES 2
Grid Diagram  'wWork Sheet I Motes |

14.7 Complefing the Heat Exchanger Nefwork

The rest of the heat exchanger network consists of heat exchangers to
satisfy the Fuel Oil stream and two furnaces. The furnaces will be
replaced with heaters on the Fired Heat (1000) stream.

1. Add aheat exchanger between the Fuel Oil stream and Crude Tower
Feed stream.

Ensure that you place the hot end of the heat exchanger between the
Fuel Oil stream inlet and Exchanger 4, not between Exchanger 4 and
Exchanger 10.

2. Rename the heat exchanger Exchanger 3.
The Fuel Oil stream should appear similar to the figure below.

Figure 1.38
Enchangerd Enchanger ¢ Ehanger 10 cinn
SELE 2300 pai]s S
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Crude Pre-Heat Train Network

10.

11.

12.
13.

Click the Tied checkboxes for the hot stream inlet and outlet
temperatures, and for the cold stream inlet temperature. The heat
exchanger solves.

Add a heat exchanger between the Fuel Oil stream and the LP Steam
Generation utility, between Exchanger 4 and Exchanger 10.

Rename the exchanger BFW Heating 2.

Click the Tied checkboxes for the hot stream inlet and outlet
temperatures. The exchanger solves.

Add the first of the fired heaters by placing a heat exchanger
between the Crude Tower Feed and Fired Heat (1000) utility,
downstream of Exchanger 3.

Rename this exchanger Furnace 1.
Click the Tied checkbox by the cold stream inlet temperature.

In the cold stream outlet temperature field, enter 265°C. The
exchanger solves.

Add the final heat exchanger between the same streams as in step #4
above, downstream from Furnace 1.

Rename the exchanger Furnace 2.

Click the Tied checkbox for both cold stream temperatures. The
exchanger solves and all streams are satisfied.

The heat exchanger network is complete. The status bar on the Grid
Diagram tab will appear green, indicating that there are no unsatisfied
streams, and no uncalculated heat exchangers.
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Confirm your heat exchanger with the completed HEN diagram and
worksheet as shown in the figures below.

Figure 1.39
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Heat Exchanger Cold Stream o] Tied o] Tied Hot Stream o] Tied [ Tied W] m2l |
Exchanger & | o Cesalter Feed 156 | ¥ 1210 || Light Naphtha 168.0 | W 1079 | v | 3192 | 49184
Exchanger 10 | o Desalter Fesd 156 | ¥ 1210 |F Fuel Dil 1676 |V 1200 | W | 7.980 | 13939
Air Cooler | g+ Air 300 | [F F0 = Light Naphtha 107.9 | ¥ 7.0 || 1118 28542
O | Cooling ' ater 241 || 0| Fuel Dil 12000 | v 900 || BO026| 3328
Exchanger 9 | <= Pre-Flash Feed 1200 | v 1221 | | Heawy Naphtha 2350 | W 1220w | 0.8337 | 3007
Cwi2 | e Cooling '/ ater 240 || 241 | | Heawy Naphtha 1220 | v 380 | v | 05RE3 E3.2
Exchanger 7 | < Pre-Flash Feed 1221 |V 163.0 | | Kemosene 268.0 | W 1350 |V | 8702 | 2306.8
Exchanager 8 | - Pre-Flash Feed 1221 | v 1630 | B Fieflux 251.0 | W 169.3 | v | 8564 | 1538.4
O3 | o Cooling W ater 225 | 240 | E Fieflux 169.3 | W 7i0 W | 843 4810
Cw'd | g Coaling ‘water 216 || 25 | Kerosene 135.0 |V B0 || 5138 | 5823
Exchanger 5 | < Pre-Flash Feed 1630 | ¥ 1950 | ¥ Gas Oil M0 |V 2100 | ¥ | 1380 1639.4
EF Heating 1 | @ LP Steam Generation 1240 |[F 1243 |0 Gas Oil 21000 | v 1720 | [« JE00 | 2861
O | g Cooling ' ater 200 | = X6 | W Gag Ol 1720 | v E50 | | 8800 | 5222
Exchanger 4 | ©- Pre-Flash Feed 1860 | v 194.0 | v Fuel il 2430 | v 2135 | v | 5800 16055
Exchanger 3 | < Crude Tower Feed 189.0 | ¥ 2368 |V Fuel il 3490 | W 2430 | W | 2280 3398.0
EFw Heating 2 | @ LP Steam Generation 1243 | 1250 | [0 Fuel Dil 2135 | v 1676 | v | 8134 | B70.3
Funace 1 |49  Crude Tower Feed 238 |V 265.0 | v | Fired Heat [1000) 5024 | | 400.0 | @ | 14.00 [ 1003.0
Funace 2 | @+  Crude Tower Fesd 2650 |V 368.0 | ¥ | Fired Heat[1000) | 1000.0 | [ 5024 |[@ | 68.00| 2500.0
K1 I
oo »
_
Grid Diagriam  WwWork Sheet I Nates

When you examine all of the calculated values, you will notice that all
values are very close to those indicated on the initial Process Flowsheet.
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Introduction

c.| [nfroduction

One of the extremely useful features of HX-Net is its ability to extract
information from HYSYS or Aspen Plus so that heat integration analysis
can be performed on a pre-built simulation, without having to re-enter
the information.

In this tutorial, you will examine one of the default HYSYS cases
provided with HX-Net, and then extract the information into HX-Net.

You must have HYSYS version 3.0 or higher installed on your computer
in order to use this tutorial.

This tutorial assumes that you have used HYSYS and understand how to
navigate through HX-Net. It is also assumed that you have completed
the HI Case or HI Project tutorial, and that you understand how to create
streams and create a heat exchanger network using the Grid Diagram.

The HYSYS case that will be extracted is a modified version of the
sample HYSYS case G-2.hsc. The file included with HX-Net is named
dataext.hsc and can be found in the Samples\HYSYSTestCases
directory.
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Data Extraction from HYSYS

The HYSYS flowsheet is shown in the figure below.

Figure 2.1

i
il J31ET,
93 -
I
ey _ HEINES
[EENIE] al
o 251 TEMES e
=7 i e
- 3L H |
[u] ] dl GITEID
pucd —] (2] o1 mmm .
— uakizy A
— e 0ak-L
— ﬁ 4
sEq)
dnag BT [FEEL]
a3l i 231
Wiy, sEQ
cmm_.___ n_E:m g
0IH
B 1Y Gy duwing
o nn q
1L Im_lm_v._. i N 1-A0d
anr- fwu Aaozy @
0313 nig a3 &
— Pt e 1
sER =T
o om3a tj

eSS wWERlS
T\@nl..l

no
g3l LOETA

2-3



2-4

Introduction

The natural gas industry commonly uses tri-ethylene glycol (TEG) for
gas dehydration where low gas dew point temperatures are required,
such as in the design of offshore platforms in the Arctic or North Sea
regions or for other cryogenic processes.

The composition of the natural gas stream (Inlet Gas) has been provided
on a water-free basis. To ensure water saturation, this stream is mixed
with stream Water To Saturate. The water-saturated gas stream Gas +
H20 is then fed to a scrubber to knock out the free water. This scrubbed
stream (Gas To Contactor) is fed to the TEG Contactor, where it is
contacted with a regenerated lean TEG stream (TEG Feed). Stream TEG
Feed absorbs most of the water in the Gas To Contactor stream. The rich
TEG stream from the absorber bottoms (Rich TEG) is heated to 220 °F by
the hot lean TEG from the regenerator (Regen Bttms), and is fed to the
stripper column for regeneration. The stripper column is a refluxed
tower consisting of 3 stages plus a condenser. The regenerated TEG is
cooled and returned to the top of the TEG absorber.

For the purposes of demonstrating HX-Net capabilities to extract HYSYS
data, the TEG only stream is being heated at the same time that the
pressure is greatly reduced. A multiple attachment has been used to
display two options, a heat exchanger using steam or a valve.

A recycle operation is required to complete this simulation because the
lean TEG is being returned to the contactor. An initial estimate of the
lean TEG is required to run the contactor, and when the rest of the
simulation has been built, the regenerator will calculate the new lean
TEG. This stream is updated by the recycle operation.
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c.c Preparing for Dafa Extraction

HYSYS or Aspen Plus data can be extracted into either HI Project or HI
Case. Before performing a data extraction, it is always wise to read the
Extraction Tips so that you can find as many possible problems in your
simulation flowsheet before performing the first extraction.

c.2.] Setting Unif Preferences

Before you begin, verify that the units currently selected in the
preferences are the ones you want to use. HX-Net will perform the unit
conversion calculations when it extracts the data from HYSYS, but it is
easier to compare numbers if they use the same units.

1.
2.

Open HYSYS (version 3.0 or higher).

Open the case dataext.hcs, included in the
\Samples\HYSYSTestCases directory of your HX-Net program.

In the HYSYS Tools menu, select Preferences. The Session
Preferences view appears.

Click the Variables tab, then click the Units page. The Unit Set Name
should be SI. If it isn’t, select SI in the Available Unit Sets list.

Figure 2.2

. Session Preferences (HYSYS.PRF] |_ (O] x|
Variables Available Unit Sets
A EuraS| Clone
Wstles Field
Formats 2l
Urit Set Mame  |5! Q
Dizplay Units
Unit Wiew ..
“Wapour Fraction Unitless
Temperature C
Preszure kPa
Flows kamolesh
tdass Flow ka/h
" Simulston  Variables | Reports J Files | Resources J Extensians J Qil Input J Trap Sizing J—‘
Sawe Preference Set Load Preference Set

From the Windows Start menu, open HX-Net.
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Heat Integration
Manager icon
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Preparing for Data Extraction

6. In HX-Net, repeat steps #3 and #4 to set the units to match the
HYSYS case.

7. Save the modified case under a new name, such as
newDataEXT.hsc. Do not save any changes over the original case.

Before you can examine the extraction tips, open the HI Case view or HI
Project view.

c.c. Opening a HI Case or Hl Project

1. To access the HI Case view or HI Project view, do one of the
following:

« From the Features menu, select HI Case or HI Project.

* From the Managers menu, select Heat Integration Manager.
The Heat Integration Manager view appears. In the left column,
select HeatIntegrationCase or HeatIntegrationProject, then
click the Add button.

e On the tool bar, click the Heat Integration Manager icon. The
Heat Integration Manager view appears. In the left column, select
HeatIntegrationCase or HeatIntegrationProject, then click the
Add button.

The HI Case view or HI Project view appears.

p? HI Case: Case 1 M= E3
N Inlet T | Dutlet T MCp Enthalpy 5 HTC DT Cont.
ame K] K] [kJ/C-h] b)) [kishmzg) | (O]
New
K i
Process Slleamsl Utility Streams I E conomics I Options I Hotes |
é? ﬁ X: @ Goto Operations Mode | = >
HI Case view
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Figure 2.4
T T - (©>]

¥ HI Project: HIP1 [_TO[ %]
Vigwer .| |Cnmposite Curve j s
O X b . :
Composite Curves
=0 HIP1 -
& Scenario 1 seee )
g zee |
g caee |
g see |
£ e
e
Enhalny Uit
Data Inlet T | Outlet T MCp Enthalpy Clean HTC | DT Cont. Flawr:
W2 Ic] Ic] [k ACh] S e Ic] [k
Process St G
Utility Streams
Economics
4 »

B Data | Targets J Fange T argets J Designs J Subsets J Options J Mates
DTmin [10.00C P H = [ b
HI Project view

You are now ready to look at the extraction tips.
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c.c.J Examining the Extraclion Tips

In the HI Case view, the Data Extraction icon appears only on the
Process Streams tab. In the HI Project view, it appears on the Process
Streams page of the Data tab.

y* 1. Click the Data Extraction icon. The Extraction Wizard appears.
Data Extracton icon
Steps Extraction Wizard
Start The following steps will lead you through the extraction process:
Select File Select the utilties file, economic file, and the Simulation file.
Set Options Set detailed options for extraction.
Select Flowsheet Select the flowsheet(z) to be extracted.
tdodify Utiities todify the wutilties to be added.
Madify Heaters Select the utilities to be uged with the heaters.
Madify Coolers Select the utilities to be used with the coolers.
Economic Data Select economic data for heat exchanger.
Finish Done
Flease read through the tips to ensure an accurate extraction. Tips
T | | T |

2. Click the Tips button. The Extraction Tips view appears.

Figure 2.6

p? Extraction Tips:

lg your simulation ready for data extraction’?

(Flease read through the following tips to ensure that an accuiate automated data -
extraction iz performed.

1. Do you have unnecessary streams of unit operations in the simulation caze?
Comment: Hx<-Net will extract the data of all unit operations and streams prezent in the
simulation case. These unnecessany unit operations and steams can lead to the
wrang target caleulations by Hx-Met.

Tip: Femove the unnecessary unit operations and streams fram the simulation case or

update the HxX-Met process stream data appropriately.

2. Are all the unit operations and streams converged in the zsimulation caze?

=

Read all tips carefully before continuing to the next section, as you will
be manipulating the case based on these tips. It is good practice to read
these tips before every extraction. This will allow you to find some if not
all of the errors before you perform the data extraction.
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=

Steady State Mode icon

6.9 Edifing e RYSYS Case

Before you extract information from HYSYS, you will use the tips you
just reviewed to check the HYSYS case to be extracted to find possible
problems. Although HX-Net will produce warnings about many of the
issues in HYSYS, it will not produce messages about others that can
result in incorrect targets, such as repeated names.

e.3.1 Checking Mode & Solved Stafus of
Unit Operafions

In order to extract a HYSYS case into HX-Net, the case must be in steady
state mode (tip 3) and the entire flowsheet must be solved (tip 2). Since
these conditions are very easy to check, and absolutely essential to the
extraction, they will be checked first.

1. Ensure that the HYSYS case to be extracted is open and that you've

set the unit preferences as described in steps #1 and #2 in Section
2.2.1 - Setting Unit Preferences.

2. Onthe HYSYS tool bar, ensure that the Steady State Mode icon is
active, as shown in the figure below.

Figure 2.7

»d modG-2 hsc - HYSYS 3.0.1

File Edit Simulation Flowshest PFD Tools Window Help
DA Caakio=oc Lloe 48

©2 PFD - Case [Main)
HH D i oA

The sample case should be in steady state mode. If it is not, click the
Steady State Mode icon, and ensure that the case converges.
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3. On the flowsheet, verify that all streams and unit operations have
been solved by doing one or both of the following:

Examine all streams and unit operations. All material streams

should appear dark blue, all energy streams should appear dark
red, and all unit operations should be outlined in black.

—_—

|_..._

An example of a “solved” unit An example of an “unsolved” unit
operation and attached streams operation and attached streams

Check the Object Status Window at the bottom left corner of the
window for error messages.

Figure 2.9
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The sample case provided is solved. However, if the sample case is not
solved, check the following:

» Check the Trace Window for the streams or operations that are
missing information.

 If the Trace Window is empty, and the flowsheet is not solved, it
+=F could be because the solver is not active. Click the Solver Active
icon.
Solver Active icon » Check your HYSYS manuals for more information on how to solve
flowsheets.

» Check that there are no extra unit operations or streams in the
flowsheet (tip 1).

Aemove the Valve and Extra Stream

In the sample case DataEXT. hsc, all of the operations and streams are
directly related to the flowsheet (i.e., there are no streams and unit
operations forming a second system). The stream TEG, however, only
has a multiple attachment to a valve and a heat exchanger. Since
multiple attachments pose problems for HX-Net, and the valve will not
result in any changes to the network built in HX-Net, nor the targets
calculated, remove the valve and extra stream.

These items may already be 1. Disconnect stream TEG only from valve VLV-101.

removed from the sample .
case. 2. Delete valve VLV-101and the material stream TEG out.
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Object Navigator icon

This may already be

corrected in the sample

case.
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2.3.2 Checking Stream & Unit Operafion Names

Checking for Duplicafe Names

Multiple tips warn of extraction problems due to streams and unit
operations having the same name, either within one flowsheet or across
multiple flowsheets (tips 6, 8, 9,). The easiest way to check for this is by
using the Object Navigator.

1. Access the Object Navigator by doing one of the following:
* On the toolbar, click the Object Navigator icon.
* Inthe Flowsheet menu, select Find Object.
» Press the F3 hot key.

2. Search for unit operations and streams that have the same name. In
the Flowsheets group, select the main flowsheet. In the Filter group,
click the All radio button. This will display all unit operations and
streams. The Object Navigator appears as shown in the figure below.

Figure 2.10
™ Object Navigator | _ (O] x|
~Flowsheets—————— ~FlawSheet Object: Filter
Case [t ain] ADJ1 il " B
T1-100 [COLT) Condl ||~
TEG Regenerator Dy Gas b Stn.aams
E-00 i UritOps
E-100 " Logicals
E101 " Custom
FeederBlock_lnlet Gas
FeederBlock_Makellp TE! Setup Custom |
FeederBlock_Steam In LI —
Buid Find. |[ Wiew | Cacel |

3. Scroll down the Flowsheet Objects list. There are two objects named
E-100. If you look on the flowsheet, you will find that there is a heat
exchanger and a stream with this name. Rename the stream to TEG
out.

4. Using the Object Navigator, repeat step #2 to ensure that there are
no other multiple names. In this case there are none. This takes care
of tip 9.
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Checking for Streams that Span Mulfiple Flowsheets

1. Use the Object Navigator to check for names that appear in more
than one flowsheet.

» All the inlet and outlet streams entering and exiting each column
are subject to this rule.

» Look for any stream that contains a heat exchanger in both the
main flowsheet and the sub-flowsheet.

2. Examine the Regen Feed stream. In the main flowsheet, the Regen
Feed stream exits a heat exchanger before entering the TEG
Regenerator sub-flowsheet, which appears in the following figure. In
this sub-flowsheet, however, there is no exchanger on the Regen
Feed stream, so it will not pose a problem.

Figure 2.11
> PFD - TEG Regenerator [COL2] [ _ (O] ]
H E;ﬂ E | &ﬂ E’KE DAFPF S IDefauIt Calaur Scheme vl
5 [
o - Gas
Condensar
[, =
Lend
Reflux  Condenser
Fegen
Regen Sep J
Feed
— o
Builup gor
=y
— -
To Regen
Rebailer Bttms =
el o of]
-—
PFD 1 |

3. Open the TEG Regenerator sub-flowsheet. The streams Sour Gas
and Regen Bttms exit the condenser and reboiler, respectively.

» The Sour Gas stream does not have any exchangers on it on the
main flowsheet so it will not pose any difficulties.

» The Regen Bttms stream, however, enters a heat exchanger in
the main flowsheet. HX-Net uses the stream entering the reboiler
and returning to the column during extraction, so there will be no
stream duplication in this case.

4. Return to the main flowsheet. The Dry Gas stream exiting the T-100
column is entering a heat exchanger.

5. Open the T-100 column sub-flowsheet. There is no reboiler or
condenser on this column, as it is acting as an absorber, therefore,
this will not create a stream duplication.

2-13



2-14

2-14

Editing the HYSYS Case

6. Use the Object Navigator to see if there are any internal streams
existing within any sub-flowsheet that do not represent a real
stream.

To do this, highlight each sub-flowsheet in the Flowsheets group
of the Object Navigator, then select the Stream radio button in
the Filter group.

This will display all material streams existing in the flowsheet. All
internal streams will be extracted as real streams.

In this case, all of the internal streams do represent real streams
in the process. Since the reboiler and condenser must be taken
into account, no changes are required.

If there are streams that you do not want extracted, you will have
to manually delete them after the data extraction.

e.3.3 Checking Mixers & Splitrers

The last items to check before performing the data extraction in HYSYS
are mixers and splitters. Check for non-isothermal mixers (tip 10). In
this case, there are no multiple splitters or mixers in series, however,
there are two mixers that should be checked to see if they are

isothermal.
1. Open the property view for the Saturate mixer, and click on the
Worksheet tab.
Figure 2.12
Saturate [_[O0]
Worksheet Mame Inlet Gas | “Water bo 5 atur Gas + H20
Conditions WapoLr 1.0000 0.5456 0.9333
Temperature [C] 29.44 2771 29.44
Praperties Fressure [kPa] E205 6205 B205
Composzition Molar Flow [kamolesh] 4351 04930 438.6
P S Mass Flow.[kg.i‘h] 9183 4.383 9152
Std [deal Lig Vol Flaw [m3dh] 27.58 9.007e-003 27.59
Molar Erthalpy [kAkgmale] 8. 555e-+004 -2.483e+005 8571 e+004
tdolar Entropy [kl Akagmole-C] 150.3 1331 150.3
Heat Flow [k /h] -4 261 e+007 -1.233e+005 -4 27 3e+007
N Diesign I Rating W’olksheell Dynamics ]
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The temperatures of the two inlet streams, Inlet Gas and Water to
Saturate, are not the same temperature, so the Water to Saturate
stream should be cooled down to the temperature of the Inlet Gas and
the mixer outlet stream Gas + H20, before it enters the mixer.

2. Create a new material stream named Water In. Copy all of the

information from the Water to Saturate stream by using the Define

from Other Stream button.
3. Add a cooler named Water Cooler. Its inlet stream is the Water In

stream you just created, and its outlet stream will be a new stream

named Water to Mixer. Define an energy stream named Q-200.

4. On the Design tab of the cooler property view, click on the
Parameters page, and define a pressure drop of 0 kPa.

5. Click on the Worksheet tab. In the Water to Mixer Temperature field,

enter 29.44°C to make it the same as the mixer inlet stream

temperature. The Water Cooler property view appears as shown in

the figure below.

Water Cooler [_[O] =]
Worksheet Narme ‘Water In | 'Water to Mizer 3-200
- Wapour 1.0000 0.0000 <emply
Conditions Termperature [C] 2771 29.44 <emply
Properties Preszure [kPa] B205 E205 <emplys
P tdolar Flow [kamaledh] 0.4330 0.4330 CEmplys
ey Mass Flow [ka/h] 5389 5983 <empty>
PF Specs Std Ideal Lig Yol Flow [m3/h] 9.007e-003 9.007e-003 <emply
alar Enthalpy [k kgmale] -2.352e+005 -2.850e+005 <emply
talar Entrapy [k fkgmale-C] 156.8 5477 <emply
Heat Flow [ki/h] 117424005 | -1.422e+005 2.482e+004

Design I R ating Wolksheell Performance I Dynamics |

Deite | I [ Lcrcrcd

Close the Water Cooler property view.

Open the Saturate mixer property view.

®

Click the Design tab, then click the Connections page.
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9. Clickin the inlets stream cell Water to Saturate, and from the drop-
down list, select the Water to Mixer stream. Also, define a new outlet
stream named Mixer Outlet. This should be done because, even if
the inlet temperatures are identical, the outlet temperature can be
different than the original outlet stream due to phase changes.

The first part of the flowsheet will now calculate. The rest of the
flowsheet will not be calculated.

10. As per (tip 1), delete the now unnecessary Water to Saturate stream.

11. Move the cursor over the Mixer Outlet stream. The fly-by for the
Mixer Outlet stream indicates that the calculated temperature is
28.69°C. This is less than the original outlet temperature of the Gas +
H20 stream, which is 29.44°C. Therefore, a heater is required
between these two streams.

12. Add a heater with the name Gas + H20 Heater, and set the inlet
stream as Mixer Outlet, outlet stream as Gas+H20, and an energy
stream as Q-201.

13. On the Design tab, click on the Parameters page, and define a
pressure drop of 0 kPa.

14. The entire flowsheet should now recalculate.

15. Close all property views.

You will now check the second mixer to see if it is non-isothermal.

16. Open the property view for the MakeUp mixer, and click on the

Worksheet tab.
Figure 2.14
Makelp =1
Workzheet Mame Lean from LAR | Makellp TEG TEG to Pump
Conditions apour 0.0000 0.0000 0.0000
) Temperature [C] 1451 15.56 1451
Properties Pressure [kPa] 1027 102.7 1027
Compazition Molar Flow [karale/h] 3648 4.639e-004 3643
FF Specs Mass Flow [kash] 511.9 6.905e-002 512.0
5td Ideal Lig Yal Flow [m37h] 0.4542 6.120e-005 0.4543
Molar Enthalpy [k /kagmale] -7.205e+005 | -7.975e+005 | -7.205e+005
olar Entropy [kJ/kgmale-C] 253.4 1333 253.4
Hesat Flow [kJ/h] -2.629e+006 -369.9 |  -2.629e+006
] Dresigh I Rating W’olksheell Dynamics ]
T, T lgrened
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In this case, the stream MakeUp TEG must be heated up to the mixer
outlet temperature.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.
28.

29.

Using the same procedure as step #2, create a stream named Cool
MakeUp TEG based on the information in the stream MakeUp TEG.

Add a heater named Heat MakeUp TEG. Set the inlet stream as Cool
MakeUp TEG and define the new outlet stream as MakeUp TEG to
Mixer. Define a new energy stream as Q-202.

On the Design tab, click on the Parameters page, then define a
pressure drop of 0 kPa.

On the Worksheet tab, enter the MakeUp TEG to Mixer temperature
as 145.07°C. This is the same as the other mixer inlet stream.

Close the Heat MakeUp TEG heater property view, and re-open the
MakeUp mixer property view (if not already open).

On the Design tab, click on the Connections page. Replace the
outlet stream with a new stream TEG from Mixer, and replace the
inlet stream MakeUp TEG with the stream MakeUp TEG to Mixer.

Delete the now unnecessary stream MakeUp TEG.
Close all property views.

Move the cursor over the TEG from Mixer stream. The fly-by for the
TEG from Mixer stream indicates that the temperature calculated is
145.1°C. This is the same as the two inlet temperatures. So, you do
not need to heat or cool this stream.

Open the property view for the pump P-100. On the Connections
page of the Designs tab, replace the inlet stream TEG to Pump with
the stream TEG from Mixer. Delete the stream TEG to Pump. The
entire flowsheet should solve at this point.

If you want, you can manipulate the PFD to make it appear neater.

Save the modified HYSYS case (renamed in step #7 of Section 2.2.1 -
Setting Unit Preferences). Do not save over the original case.

Close HYSYS.

This is all of the work that will be performed on this particular case
before performing the first extraction. It is important to remember that
in other cases, you will also have to deal with LNG exchangers. It is also
important to remember that the extraction cannot perform perfectly on
the first attempt. After the extraction is complete, the warning section
will indicate that more changes are required to our HYSYS flowsheet.
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Data Extraction icon

The Extraction Wizard takes
you through the following steps
for the extraction process:

* Select File

« Set Options

* Select Flowsheet

« Modify Utilities

* Modify Heaters

* Modify Coolers

« Economic Data

2-18
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241 Performing the Inilial Data Extraction

1. Ifyou have closed HX-Net, re-open it at this time.

2. Open anew HI Project. Data extraction can also be performed in HI
Case, but for this tutorial you will use HI Project.

3. Click the Data Extraction icon. The Extraction Wizard appears.

Figure 2.15

¥~ Extraction Wizard:

Steps
Stark

Select File

Set Optiohs
Select Flowsheet
adify Utilities

I odify Heaters
Modify Coolers

Economic Data

Finish

Extraction \wizard

The fallowing steps will lead you thraugh the extraction process:
Select the utilities file, economic file, and the Simulation file.
Set detailed options for extraction.
Select the flowsheet(z] to be extracted.
Madify the utiities o be added
Select the utilities to be used with the heaters.
Select the utilities to be used with the coolers.

Select economic data for heat exchanger.

Dane
Pleaze read through the tips to ensure an accurate extraction. Tips

| Hext > |

4. Click the Next button. The next page appears, where you can select
the utilities file, economic file, and the simulation file.
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Select File [Step 10f 7]

The data extraction process requires utility and economic information
in order to perform the extraction and the costing target calculations.

HX-Net automatically selects the default utility and capital cost default
files, but you can change the selection if required.

You can click the Browse 1. For the Utility File and Capital Cost File, accept the default selection.
button to select different files

for the utility and capital cost
data. Figure 2.16

¥- Extraction Wizard: (Step 1 of 7) [ ]
—Step
| Select the utiities file. econamics file, and the Simulation file |
.—‘ Start
Bl Uity File:
Sl ID:\Hyprotech\Conceptual Engineering Products 6. 0hwutildatabase. hud Erowse.. |
Select Flowsheet
Capital Cost File:
tadify Utiities
§ ID'\Hypmtach\Enncaptual Engineering Products B 0hecodatabaze hoo Browse.. |
Madify Heaters
I odify Coolers
X Simulation File to Import:
Econormic Data
B [:“HyprotechtConceptual Engineering Products B.0\caseh Browse.. |
inigl

f HYSYS " Aspen Plus

LCancel |

In the bottom group, select the HYSYS radio button.

Click the Browse button and locate the file you saved in step #28 in
Section 2.3.3 - Checking Mixers & Splitters.

4. Click the Next button to set detailed options for extraction.
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Set Opfions [Step 2 of 7]

You can select different options that will affect the way in which the data
is extracted.

1. Ensure that the following options are set:
» The Only streams with phase changes checkbox is checked.
» All checkboxes in the Live Steam group are checked.

» The Ignore radio button is selected in the Pumps, Recycle Blocks,
and Pipe Segments group.

Figure 2.17

¥= Extraction Wizard: newmodG-2 hsc [Step 2 of 7)

Steps
Set detailed options for extraction. Read the Tips for more information.

[ Start
Segmentatior Pumpz, Recycle Blocks, and Fipe Segments

Select File
S s l Do. not segment : : ¢ Ignore
v iDrily streams with phase changes; " Treat as heaters/coolers
Select Flowshest
tadify Utilities X
Live Stean
Madify Heaters X
¥ Estract Live Steam
Modify Coclers v lgnore steam superheating
Econoric Data I¥ lgnore subcooled section.
Finish

Tips

LCancel | < Prew | Ment = |

2. Click the Next button to select the flowsheet(s) to be extracted.
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Select Flowsheet [Step 3 of 7]

The data from the selected flowsheet(s) is exported. When you click the
Next button after setting the options, HX-Net starts HYSYS running and
will extract the data.

1. Wait until the Extraction Wizard (Step 3 of 7) view appears as shown
in the figure below.

Figure 2.18

¥~ Extraction Wizard: newmodG-2 hsc [Step 3 of 7] [ <]

~Step
| Only data fram the selected flomwsheet(z] wil be exported |

Stark

Flovesheet List
Select File

Flowsheet Mame Selected
Set Options Caze [Main
TEG Regenerator [COLZ]
Select Flowshest T-100 (COLT)

<l <l <]

M adify Utiities

odify Heaters

todify Coolers

Economic Data

Finish

< Erey | Hexst > |

2. In this tutorial, you will be extracting data from all three different
flowsheet. So make sure all the checkboxes under the Selected
column are checked.

3. Click the Next button to see the utilities to be added.
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Modify Utilities [Step 4 of 7]

The utilities listed on this page are used in the extraction.

Figure 2.19
F~ Extraction Wizard: newmodG-2 hsc [Step 4 of 7] B
—Step
| The utiitiez listed will be used by default in the extraction. Modifications may be made. |
Start
- ity List
Selslifs e et T | DU T Costnder | Ciean FTC
Sel Options Ic] €] | [Costhk)] %™ [kithm2C]
Refrigerant 1 | # -25.00 | -24.00 | 27359006 4680.00
Select Flowsheet Air | #3000 | 3500 0.0000 399.60
o WP Steamn | o7 175.0 | 1740 | 2 200e-006 21600.00
Modify Utiities LPSteam | 7| 1250 | 124.0 | 1.900e-006 21600.00
Modiy Heaters HP Steam | o 2500 | 2489.0 | 2500=-006 21600.00
<emptys
I odify Coolers
Econaormic Data
Finizh
Moy | <Brov | e —

1.

If you want to modify the utilities to be added, click the Modify
button.

When you click the Modify button, the text changes to blue colour. The
blue colour indicates you are allowed to change the utilities. The Modify
button is replaced by the Lock button. When you click the Lock button,
the text changes to black and it cannot be modified.

You can also add more utilities by clicking the down arrow =i in the
<empty> cell and selecting the new utility from the drop-down list.

In this tutorial, the default utilities selected by HX-Net are sufficient
and do not require any modification.

Click the Next button to see the utilities to be used with the heaters.
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Modify Heaters [Step 5 of 7]

On this page, you can modify the default utility matched with each
heater.

Figure 2.20

¥+ Extraction Wizard: newmodG-2_hsc [Step 5 of 7] <]
—Step:
| Displays default utility matched with each heater. Modifications may be made. |
Stark
—Heater List
Select File
Heater Litiliby
Set Options
Heat Makellp TEGEM ain MP Steamn
Select Flowsheet Gas+H20 Heater@iMain LF Steam
o Fegen Reb@COL2 HF Steam
tadify Utilities
Madify Heaters
I odify Coolers
Economic Data
Firigh
<Frav | T

1. Ifyou want to modify the default utility matched with each heater,
click on the cell under the Utility column.

Open the drop-down list in the cell and select the utility you want.

In this tutorial, the default utilities selected for the heaters are
sufficient and do not require any modification.

4. Click the Next button to see the utilities to be used with the coolers.
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Modify Coolers [Step 6 of 7]

On this page, you can modify the default utility matched with each

cooler.
Figure 2.21
F~ Extraction Wizard: newmodG-2 hsc [Step 6 of 7] B
—Step
| Displays default utility matched with each cooler. Modification may be made. |
Start
= —Cooler List
Select File
Coaler Litility
Set Options
Water Cooler@tdain Refrigerant 1
Select Flowshest Condenser@CO0L2 Air
tadify Utilities
Madify Heaters
I odify Coolers
.f Ecaonoric Data
Finish
< Prew | [ Mext > I

1. Ifyou want to modify the default utility matched with each cooler,
click on the cell under the Utility column.

Open the drop-down list in the cell and select the utility you want.

w N

In this tutorial, the default utilities selected for the coolers are
sufficient and do not require any modification.

4. Click the Next button to see the economic data for the heat
exchangers.
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The Reset button allows you
to reset to the default values.

X

Close icon

Economic Data [Step 7 of 7]

On this page, you can see and modify the type of economic data to be

used for all stream matches in the heat exchanger network.

Figure 2.22

F~ Extraction Wizard: newmodG-2 hsc [Step 7 of 7]

—Step
Stark

| Displays economic data to be used for all stream matches. Modifications may be made. |

~Economic Defaul:

Select File

Set Options
Select Flowshest
tadify Utilities
Madify Heaters
I odify Coolers

Economic Data

.J Finish

r1n_To_‘water tol Bitms_Ta_Lean friom Miser_Ta TEGen
Steam In_To_Steam Out Drefault Drefault Drefault
Mizer Dutlet_To_Gas + H2I Drefault Drefault D efault
Rich TEG_To_Regen Fee Drefault Drefault Drefault
Coal Makellp TEG_To_k. Drefault Drefault Drefault
Dy Gas_To_Sales Gasz Diefault Diefault Diefault
Tao Rebailer&COL2_TO_B Default Default Default
FRefrigerant 1 Default Default Default
Air Drefault Drefault Drefault

< 3

Edit Economic Data | BReset |

< Prew

If you want to edit the economic data for the heat exchanger, click
the Edit Economic Data button. The Heat Exchanger Capital Cost

view appears.

Figure 2.23

r¥Heat Exchanger Capital Cost

~Heat Exchanger Capital Cost Index P.

Name a b C HT Canfig
DEFAULT | 1.000e+04 800.0 | 0.8000 | Heat Exchanger
o ™

Capital Cost Index(Heat Exchanger) [$] =a+b{HeatExch AreaShells)"c*S hells

—Annualization

Flant Life [years]

Flate of Retun [z {1000 FOR
5.000 FL

Annualization Factor = [1 + RORA00]"PL / PL

In this tutorial, the default economic data the heat exchangers are

sufficient and do not require any modification.

Click the Close icon to close the Heat Exchanger Capital Cost view,
and return to the Extraction Wizard (Step 7 of 7).
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4. Click the Next button. A message appears indicating that the HYSYS
file was extracted successfully.

Figure 2.24

¥~ Extraction Wizard: gstrt-ss.hsc

Steps
Start
Select File
Set Options

Select Flowsheet

Modify Utities The Hv5YS file newmodG-2. hee has been successfully extracted.
Modify Heaters

adify Coolers

Economic Data

Finish

Frish |

5. Click the Finish button, and the Summary view appears as shown in
the figure below.

Figure 2.25

F’ Summary

E straction Summary Range Target Plat
Design Target Simulatian Range Targets
Heating [kJ./h] 1.929e+005 | 1.783e+005 gt
Cooling [kJ/h] 4.039e+004 | 2583e+004 g i
Area [m2] 3.9 41 Bruswsel |'|.|
Shells 18 7 g;..m
Cap. Cost [Cost] 1.624e+005 | 7.311e+004 [Frsiwees [l
Op. Cost [Cost/s] 1.458=004 | 1.357=-004 o I‘|:
Annual Cost [Cost/s] | 1.8092-003 | 88642004 Frowweas

Quw-om
= Absolute " Relative Eum

1L

[ mmicearin ] Dt £
Mear-optimal Delta Tming  [45.0-52.0C Yiew Standalone
B Summary | Report
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6. Click on the Report tab, and read the report carefully.

« The first section of the report displays the new streams that have
been created in HX-Net and the corresponding streams in the

HYSYS case.

* The second section displays the utility streams that have been
selected from the list of default utilities in order to satisfy the heat

load on the heaters and coolers.

e The third section displays warnings of any potential problems that
were found in the HYSYS case, and any heat exchangers that
could not be placed properly. The warning section should have

the warnings as shown in the figure below.

Figure 2.26

'-’ Summary

[~ 1]

3 W arnings

3.1 Recycle_Tolerance
Compaszition talerance too high. Recommended value iz 1 ar lower. Exbraction results may be eroneaus.
RCv-1(@Main has a composition tolerance of 10000000,

3.2 Unuzual_temperature_enthalpy_behaviour

The direction of the temperature change iz not the zame as the direction of the enthalpy change.
Tupically, this iz due to pressure changes in the streams.

Check streams Steamn Ini@kain and Steam Oub@k ain in your simulation

33 Heat_Exchangers_Placement_F ailed

Unable to add E-100@Main [Load = 0.000000 kJ*s™1)

=1

N Summary Hepolll

7. Close the Summary view.

Scenario level in the Viewer group.

You can review the Summary view at any time in HI Project by clicking
the Data Extraction Report button on the Notes tab when you select the

Since there are still some problems in the HYSYS case, you will return to
it and fix the problems. The data will have to be extracted again after the
new modifications to the HYSYS flowsheet, so there is not much sense in

examining the data extracted at this point.
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c4.2 Fixing Warnings in the HYSYS Case

The HYSYS case should be open because HX-Net automatically opens it
during the data extraction process.

1. The first warning is about the tolerances on the Recycle operation.
In HYSYS, open the property view for this operation. Click the
Parameters tab, then click the Variables page.

2. Reduce the Composition tolerance.

» The Composition tolerance is 10, as indicated in the warning. The
composition tolerance should always be 1.0 or less, however,
altering the tolerances can result in an unsolved flowsheet.

« Begin by reducing the tolerance to 1.0. The flowsheet should still
solve.

» Continue to reduce the tolerance by 0.1, ensuring that the
flowsheet continues to solve. You should be able to reach a
tolerance of 0.1.

3. Reduce other tolerance values.

« Some of the other tolerances are quite high. Although this will not
affect the data extraction process, it can improve the results
within the HYSYS case.

* Reduce the tolerances as indicated in the table below. The
flowsheet should still solve as shown in Figure 2.27.

Variable ‘ Tolerance

Vapour Fraction 0.01
Temperature 0.5
Pressure 0.5
Flow 0.5
Enthalpy 0.5
Composition 0.01
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Figure 2.27
* RCY-1 I[=] B3
Parameters Watiable Specific P,

Variables Senzitivities | Transfer Ditection |

el Wapour Fraction 1.0003-003 Fonwards
Temperature 0.5000 Fonwards
Pressure 0.5000 Fonmards
Flow 0.5000 Fonwards
Enthalpy 0.5000 Faorwards
Compoasition 1.000e-002 Faorwards
Entropy 10.00 Faonaards

I~ Take Partial Steps

N
Connections Palamelersl ‘wiorkzheet IMon\tor I UserYaniables |
Delete | Continye | [~ lanored

4. Close the Recycle property view.
The second warning was about a temperature enthalpy reversal. The
streams listed are around the heat exchanger E-100.

5. Open the property view for heat exchanger E-100.

6. Click the Worksheet tab. The Steam In temperature is lower than the

Steam Out temperature. This does not make sense, since the steam
is acting as the hot stream and should be cooling down in

temperature.
Figure 2.28
= E-100 I [=] E3
Worksheet MHame Steam In Steam Out TEG only TEG out
= Wapour 1.0000 1.0000 0.0000 0.0000
Conditions Temparature [C] 150.0 153.0 13.89 -10.00
Fropetties Pressune [kPa] 476.0 70 E171 2671
" Molar Flow [kamols/h] 5868008 5868008 1.085=-004 1.085=-004
Campasition Mass Flow [ka/h] 1.057e-006 1.057e-006 1 534e-002 1 534e-002
PF Specs St [deal Lin Yol Flow [m3sh] -1 [59e-009 -1 [59e-009 1 4013005 1 4013005
Molar Erthalpy [k)/kgmals] -23708+005 | -236%+005 | -B.034s+005 | -B.034s+005
tolar Entropy [kJ/kgmale-C] 172.3 1746 101.1 105.8
Heat Flow [k /h] 1.391=-002 1.390=-002 536 536

Design | Rating Wnlksheell Perfarmnance I Dyharnic:s I HTFS - TASC |
Dekic | I - | lowed
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7. To solve the problem, set the Steam Out temperature lower than the
Steam In temperature. In the Temperature cell of the Steam Out
column, enter 148°C.

The Status bar in the E-100 property view turns yellow and indicates
a Converge From Wrong Direction problem.

Figure 2.29

=t E-100 M=l E3
Worksheet MName Steam In Steam Out TEG only TEG out
— ‘Yapour 1.0000 1.0000 0.0000 0.0000
Conditions Temperature [C] 150.0 148.0 -13.89 -10.00
Propetties Pressure [kPa] 476.0 3760 E171 2671
- Iaolar Flow [komaolesh] LEmply: LEmply: 1.0585e-004 1.0585e-004
CampesliEn Mass Flow [kash] <empty> <empty> 1.584e-002 1.584e-002
FF Specs Std Ideal Lig ol Flove [m3/h] {EMmply {EMmply 1.403e-005 1.403e-005
Molar Enthalpy [k kgmole] -2.370e+005 -2.370e+005 -8.034e+005 -8.034e+005
alar Entrapy [kJkgmale-C] 1723 174.2 1011 105.8
Heat Flaw [kl k] {emply {emply -85.36 -85.36

Design | Rating Worksheet | Perfoimance I Dynamics I HTFS - TASC ]
Delete | | Correrge From ‘wrong Direction Update ™ lgnored

8. Inthe Temperature cell of the TEG Out column, enter -8°C. This
should solve the converge from wrong direction problem.

9. The entire flowsheet should solve.
10. Close the E-100 property view.
11. Save the modified case and rename it newDataEXT.hsc.

Although this should now take care of the warnings listed in the Data
Extraction report, there is one more potential problem.

Steam is used in the heat exchanger E-100. Even though this is a utility
stream it will be extracted as a process stream. There are two options in
this case. The first is to make E-100 a heater, which will automatically
cause HX-Net to select a utility for it. The second is to manually replace
the heat exchanger in HYSYS with a heater.

For now, leave the HYSYS case as it is and you will manipulate the data
in HX-Net after the next data extraction.

You are now ready to extract the information from HYSYS again.
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243 Performing the Final Dafa Exfracion

You do not have to close the HYSYS case to perform the data extraction.
Leave HYSYS open and return to HX-Net.

1. Create a new HI Project. Re-extracting the data into an existing
project will generate inaccurate results.

2. Perform the steps in Section 2.4.1 - Performing the Initial Data
Extraction. When the extraction Summary view appears again, read
the report carefully. It should no longer display any warnings.

c.5 Adjusing the Extracted
Dala in HX-Nef

Now that all of the HYSYS information has been extracted into HX-Net,
you can examine the newly create streams heat exchanger network.

1. In HI Project, click on the Scenario level in the Viewer group.

2. Click the Data tab, then click the Process Streams page. Eleven
streams have been extracted, however, one stream will be manually
deleted as it is actually a utility stream, as noted after step #11 in
Section 2.4.2 - Fixing Warnings in the HYSYS Case.

3. Before deleting the Steam stream, examine the Grid Diagram to see
if there are any exchangers on this stream.

4. In the Viewer group of the main HI Project view, click on the
SimulationBaseCase design.

5. On the Grid Diagram, locate the stream Steam_In_to_Steam_Out.
There is one heat exchanger on this stream that is matched with the
stream TEG_only_to_TEG_out. When the Steam stream is deleted,
this stream will become unsatisfied.

6. In the Viewer Group, click the Scenario level and return to the
Process Streams page on the Data tab.

7. Select the stream Steam_In_to_Steam_Out, then press the DELETE
key on the keyboard.

8. Click the Utility Streams page. There are utilities that have been
added during the extraction process, including three steam utilities,
so a utility will not have to be added to take into account the stream
that was deleted.
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&=

Open Palette View icon

5l

Open Property Preset View
icon

2-32

9.

10.

11.

12.

13.

14.
15.

Return to the SimulationBaseCase design.

Click the Open Palette View icon in the lower right-hand corner of
the Grid Diagram tab. The Design Tools palette appears.

Click the Open Property Preset View icon. The Property Presets view
appears.

Select Preset 6: Alphabetical, which orders the streams

alphabetically and shows the utility streams. Close the Property
Presets view.

Add a heat exchanger between the TEG_only_to_TEG_out stream
and the utility stream LP steam.

Open the heat exchanger property view.

Click the Tied checkbox for both of the cold process stream
temperatures. The heat exchanger will solve. The network status bar
turns green, and all streams and heat exchangers are completely
satisfied and solved.

The data extraction process is now complete. All required adjustments
to the HYSYS flowsheet were performed, and no warnings appeared in
the extraction summary report. Changes were made to the process
stream data in HX-Net to account for duplicate streams, and the heat
exchanger network was completed by adding the final heat exchanger.
You can now be confident that the targets calculated by HX-Net are
accurate, and can continue on in the analysis of the existing network, or
can perform changes to improve the network.
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If you are a new user to HX-
Net, it is highly recommended
that you complete the Crude
Pre-Heat Train Network
tutorial (refer to Chapter 1 -
Crude Pre-Heat Train
Network) before starting this
tutorial.

It is assumed that you know
how to add and complete heat
exchangers on the Grid
Diagram tab.
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Introduction

3.1 Infroduction

This tutorial serves two functions:

» Introduces the HX-Net Heat Integration (HI) Project environment.

» Demonstrates how to use the Recommend Designs feature to
automatically generate Heat Exchange Network (HEN) designs.

In this tutorial, you will create an HX-Net HI Project, enter stream and
utility information, then use the HX-Net Recommend Designs feature to
automatically generate heat exchanger network designs.

To demonstrate HX-Net'’s ability to optimize HEN designs, you will build
a very simple network that will be far above the target values, then use
the Recommend Designs feature to optimize the network design.

HX-Net provides you with a self-contained environment where you can
create a HI Project with multiple Scenarios and Designs.

At the Project level, you define what you want to design. Within each
Project, there can be numerous Scenarios and Designs, as shown in the
figure below.

Project

L - — /1
|Scenario 1| |Scenario 2| .......................

o
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The Project level contains only the most general description of the
problem set being examined.

The Scenario level contains the assumptions, conditions, and
information required to generate a design. These conditions include
process stream specifications, utility streams, and economic factors.

The Design level contains the generated HEN design solutions. A
Scenario can contain multiple designs. The generated designs are
determined by the conditions, assumptions and specifications defined
at the Scenario level.

311" Navigating Through HI Project

The Heaf Infegrafion Project View

The Heat Integration Project view in HX-Net is divided into three
sections: the Viewer group, the Main pane, and the Worksheet pane.

The three sections are displayed and labeled in the figure below.

10/
- Viewer [ | Composite Curve - >
0 X B .
Composite Curves
. =2 HIP1 e
Viewer ‘EI - Scenarno 1 .
group T L= Design i
@ gy
&
g e
Main pane £ ™
Enthalpy il
Data Inlet T | Olutlet T MCp Enthalpy HTC Flowrate Eff a
P s = ] [c] k4T 5] Iodis] 5™ fism] | [kl i
EEEES HIEES hl | /| 2300] 800 30,00 4500 0.40
Utilty Streams h2 || 2000| 400 45,00 7200 0.40
o3 | A 400 1800 40,00 5600 0.40
Eeanorics ol A 1400 280.0 £0.00 £400 040
Worksheet gl e | /| 1100 450 01000 6500 0.40
hE || 1150 400 01000 7.500 0.40
pane h7 |/ 10501 400 01000 £.500 0.40 =1
4| 3
=
Dalal Targets I Range Targets I Design: I Optiors I Motes |
DTmin [1000C F X B = w3 o
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Introduction

Viewer Group

The Viewer group is always visible in the Heat Integration (HI) Project
view and contains the HX-Net tree browser, which is used to access,
create and delete Scenario and Design levels within a HI Project.

To expand or compress the tree, click on the + or - beside the level you
want to view.

Figure 3.3

— Wiewer

When you create a new HI Project, HX-Net automatically creates a
Scenario and Design level. You cannot delete the default Scenario and
Design levels.

Main Pane

At the Scenario level, the Main pane displays a plot. You can select the
type of plot to display from a drop-down list at the top of the view.

At the Design level, the Main view displays the Heat Exchanger Network
(HEN) diagram.

Worksheer Pane

The Worksheet pane of the HI Project view displays the entered and
calculated values, both at the Scenario and Design levels.
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The following sections describes some of the commonly used tabs
available at the Scenario and Design levels of the HI Project view.

Scenario Level

The following table lists and describes the tabs found at the Scenario

level.

Tab
Data tab

‘ Description

On this tab, you enter all process and utility stream data
and set the cost parameters.

Targets tab

All three pages on this tab contain the target values
calculated by HX-Net. These values represent the
performance of an ideal heat exchanger network design
for the entered stream and economic data.

Range Targets tab

The options on this tab are useful for determining the
optimal minimum approach temperature, or DTmin, value.
Click the Calculate button, and use the plot or the table to
find the DTmin value for a minimum area or minimum cost
value. For more information, refer to Section 1.3.1 -
Range Targeting.

Designs tab

Use this tab to compare all designs within a Scenario.
Here, you can display all designs or display only
completed designs. You can also display the designs as a
percentage related to the target values.

Options tab

Use this tab to manipulate the utility load allocation
method and access the utility and HTC databases.

Notes tab

Use this tab to enter notes for the Scenario level.

Design Level

To view the Design level, expand the tree in the Viewer group. To do this,
click the + beside the Scenario folder. Any designs contained within the

Scenario appear in the tree.
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Introduction

To view a design, click the design name. The Main pane now displays a
Grid Diagram instead of a plot.

— Wigwer

51 HIFT
&2 Soenario 1
----- = Deszign 1

Figure 3.4

-Ioix]

<

b | = TR TR Infeasible Hx: O, HX Mot Caloulated: 0 Ursatisfied Streams: 28 &
Performance Metwork Cost [nds Metwork Parformanc
Summary Cost Index | % of Target HEM || % of Target
Heat Exchangers Heating [Cost/s] Heating [k /3]
Uitlties Enn\lng [Costde] Cooling [k.J.-"s].
Operating [Cost/s] Mumber of Units
Capital [Cast] Mumber of Shells
Tatal Cost [Cost/s] Total Area [m2]
_
Performance | ‘wWorkshest I Heat Exchangers I Targets I Hotes |
[l »

The following table lists and describes the tabs found at the Design level.

Tab

Performance tab

‘ Description

This tab displays the performance information for all heat
exchangers and utilities in the design.

Worksheets tab

As in HI Case, this tab provides an alternative way to
manipulate the heat exchangers on the Grid Diagram.

Heat Exchangers tab

This tab displays detailed information about each heat
exchanger. When the Show All checkbox is checked, this
tab shows all heat exchangers. When the checkbox is
unchecked, only solved exchangers appear.

Targets tab

This tab shows all the same targets information available
at the Scenario level.

Notes tab

This tab displays notes for a particular design. This tab
also contains a Modification Log page, which
automatically records and displays all modifications made
to the Grid Diagram.

Now that you have an understanding of the setup and structure of the HI
Project views, you are ready to begin the tutorial.
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To use HX-Net's Recommend
Design feature, the HI Project
must contain all required
process stream data and
utility streams that are
sufficient to satisfy the energy
demands of the process
streams.

The current set does not use
the units required for this
tutorial, so you will create a
new set and modify the units.

3.8 Credfing a HI Project for

Aufomafic Design Generafion

In the following sections you will set unit preferences, create the HI
Project, and enter process and utility stream data.

3.2.1 Seffing Unif Preferences

In this section, you will define a new unit set. For this tutorial, the
temperatures are in Celsius, and the MCp is in kJ/C-s.

1.
2.

Start the HX-Net program, if it is not already open.

From the Tools menu, select Preferences. The Session Preferences
view appears.

Click the Variables tab, then select the Units page.

In the Available Unit Sets list, select the unit set SI, then click the
Clone button. This will create a cloned unit set named New User.

In the Unit Set Name field, rename the New User set to Application
2 Units.

In the Display Units group, scroll down the list to find the Energy
units cell. The default unit is kJ/h.

3-7



3-8 Creating a HI Project for Automatic Design

7. Inthe Energy unit cell, click the down arrow. A drop-down list
appears containing various unit options as shown in the figure

below.
Figure 3.5
= Session Preferences (CONCEPTS.PRF) [ ¢
Variables Available Unit 5 et
. Application 2 Units Clone |
Units Energy Integratian - EuraS|
Energy Integration - Field Delete |
It Energy Integratian - 51 j
Unit Set Hame  |Application 2 Units Wiew Users... |
~Display Unit
Unit | Wigw ..
tdass Flow kash
Lig, Yal. Flow mish F‘ Add... |
Energy kdéh =1
Malar Density - Rk |
Heat Capacity kJ/min Il
klfs
General  Wariables I Rieports I Files I Fles Eljj:
(A -
= [ - =
The unit kJ/s is equal to kW, 8. From the drop-down list, select kJ/s.

S0 in some cases you can
choose which units you want 9. In the Display Units group, scroll to the MCp cell.

display.
o dispiay 10. In the MCp cell, click the drop-down arrow and select kJ/C-s.

11. Scroll through the rest of the list and change the units for the
following variables:

* Ht Tran Coeff (kJ/s-m2-C)

e Heat Flux (kJ/s-m2)

¢ Fouling (C-m2/kW)

« Enthalpy per Length (kJ/s-m)
*  Power (kJ/s)

Although some of these variables may not be used, it is always a
good idea to keep all of the units consistent.

12. Optional: At this point you can save the newly created preference
set, which will allow you to use it for future cases.
E To save, click the Save Preference File icon. On the Save Preference
File view, enter a file name and location, then click the Save button.

Save Preference File icon 13. Click the Close icon Xl to close the Session Preferences view.

Although you can overwrite
the default preference set
included with HX-Net, it is not
recommended.
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=1

Heat Integration Manager

icon

J.8.2 Creafing the HI Project

In this section you will create the Heat Integration (HI) Project.

To access the HI Project view, do one of the following:

» From the Features menu, select HI Project.

» Click the Heat Integration Manager icon, or, from the Managers
menu, select Heat Integration Manager. The manager view
appears. In the left list, select HeatIntegrationProject, then click
the Add button.

The HI Project view appears.

Figure 3.6

p? HI Project: HIP1 = E3
~Wiewer———————————————— "
4 | Compozite Curve -
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H wee
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Name Segm.
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pane, you Utility Streams
should be on Econamics
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Streams page
Pag T o
of the Data tab
Dalal T argets I Fange Targets I Designs I Options I Motes |
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J.8.3 Entering Process Stream Dafa

In this section you will enter data for the all the process streams.

1.

Ensure that you are in the Scenario view, Data tab, Process Streams
page.
In the Name column, click on **New**,

Type h1, then press the ENTER key. The cursor automatically moves
to the Inlet T cell.

In the Inlet T cell enter 230°C. The default units that appear in the
unit drop-down list are already the desired unit, degrees Celsius, so
they do not need to be changed.

In the Outlet T cell, enter 80°C.

If you know the temperature in a unit other than the default, type
the known temperature in the cell, then select the appropriate units
from the drop-down list, as shown in the figure below. HX-Net
automatically converts the value to the default units. For example, if
you enter 176°F HX-Net converts this value to 80°C.

Figure 3.7

Data Mame Inlet T | Outlet T I MCp Enthalpy Segn HTC Flowrate Effﬂ
] IC1 [kJ/-5] Tkss] k2] || [kath] I
Process Streams Rl [ 7] 2300 [17. c 1450 040
Uty Streams 2|/ 2000 400 T 7200 040
: c3| A 400| 1800 K 5600 040
ER 4| A 1400 2800 E 5400 040
WG [,7] 1100|450 R 5500 040 ==
n n FET= i ] 1 I~ T
<0 ﬂ_‘
=
Dalal Targets I Range Targets I Designs I Options I Hotes |
Dimin [I000C F X # = [ e
6. Inthe MCp cell, enter 30 kJ/°C-s.
7. Inthe HTC cell, enter 0.4 kJ/s-m2-C.

After you enter the inlet and outlet temperatures, HX-Net knows if the
stream type is hot or cold. A red or blue arrow appears in the second
column. A red arrow indicates a hot stream; a blue arrow indicates a cold
stream.

Next you will add more streams to the HI Project.
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Using the procedure you just learned, enter the data for following
process streams. The stream information provided is from U. Shenoy
(1995)*.

Inlet T (°C) Outlet T (°C) MCp (kJ/°C-s) HTC (kJ/s-m2-C)

h2 200 40 45 0.4
c3 40 180 40 0.4
c4 140 280 60 0.4
h5 110 45 0.1 0.4
h6 115 40 0.1 0.4
h7 105 40 0.1 0.4
h8 110 42 0.1 0.4
h9 117 48 0.1 0.4
h10 103 50 0.1 0.4
cll 170 270 0.1 0.4
cl2 175 265 0.1 0.4
cl3 180 275 0.1 0.4
cla 168 277 0.1 0.4
cl15 181 267 0.1 0.4
h16 110 45 0.1 0.4
h17 115 40 0.1 0.4
h18 105 40 0.1 0.4
h19 110 42 0.1 0.4
h20 117 48 0.1 0.4
h21 103 50 0.1 0.4
c22 170 270 0.1 0.4
c23 175 265 0.1 0.4
c24 180 275 0.1 0.4
c25 168 277 0.1 0.4
c26 181 267 0.1 0.4
h27 115 42 0.1 0.4
h28 117 43 0.1 0.4

8. Verify that the information you just entered on the Process Streams
page matches the figures in the table above.
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Click the drop-down arrow in
the Name column to view a
list of default utilities available
within HX-Net.

Usually, you would use these
values, but for this tutorial you
will define the utilities
manually.

3-12

3.2.4 Entering Utilify Stream Dafa

In this section, you will specify all the required heating and cooling
utilities for the HEN design.

1. On the Data tab, select the Utility Streams page.

The hot and cold status bars at the bottom of the tab display
“insufficient”, which means there are not enough cold and hot utilities
to satisfy the process streams.

2. First you will define the hot utility. In the Name column, click in the
<empty> cell. Type hu, then press ENTER.

Click in the Inlet T cell and enter 400°C.

Click in the Outlet T cell and enter 350°C. This is the minimum
information required for a utility.

The hot utility is now sufficient, which means that the hot utility entered
has enough energy to heat all of the cold process streams.

Click in the HTC cell and enter 0.4.

Now you will define the cold utility. In the Name column, click in the
<empty> cell and type cu.

In the Inlet T cell, enter 10°C.
In the Outlet T cell, enter 50°C.

In the HTC cell, enter 0.4.

Since the cost information for the utility is unknown, use the default
value displayed. HX-Net requires cost information for each utility to
perform the cost target calculations.




Automatic HEN Design in HI Project

10. Verify that the information on the Utility Streams page appears
similar to the figure below.

Process Stieams
Utility Streams

Economics

DTmin I1D.DDC

Data N Inlet T | Outlet T | Cost Index c HTC Taiget Load | Effective Cp |Target F
ame [c] [£] [Costekd]  F9™ [k rem2-C] [kJ /5] [k kg ] [ka

hu |l 4000 | 3500 3.171e006 0.40 5446

cu | A 1000 | 5000 3171e008 0.40 3144
<emplys
K 2|
—
Dalal Targets I Range Targets I Designs I (Optioks I Notes |

o Hor ISR oo SHREERN = @ P

11. On the Data tab, select the Economics page.

Figure 3.9

Data
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nhualization

Rate of Retun [%):  [10.00 FOR
Flant Lite [years): 5.000 PL

Annualization Factar= [1 + RORA100]"PL/PL

Capital Cost Index(Heat Exchanger) [Cost] =a+b[HeatExch Area/Shells)"c*Shells
Capital Cost Index(Fired Heater] [Cost] = a + b Fired Heater Duty |"c

M atches Economic Defaults | B =

—
Dalal Targets I Range Targets I Diesigns I (Options I Notes |

DTmin I1D.DDC

&

HX-Net supplies a default set of economic parameters. At least one set of
economic data must be available for the calculation of the capital cost

targets and network capital costs. For this tutorial, leave the default
values as they are.
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Generating HEN Designs

3.5 Generafing HEN Designs

In this section you will use HX-Net's Recommend Designs feature to
automatically generate HEN designs. HX-Net lets you control how many
designs are generated. You can then compare the designs and make any
modifications required.

1. Inthe Viewer group, click on the Scenario level.

2. Right-click the mouse button on the selected Scenario. The
following menu appears.

Figure 3.10

Add Design

Copy Scenario Data
Clone Scenario
Rename Scenario

Delete Scenario

Extract Data From Hysys

Recommend Designs

Enter Retrofit Mode:

3. From this menu, select Recommend Designs. The Recommend
Designs view appears as shown in the figure below. This view allows
you to control certain aspects of the automatic design feature.

Figure 3.11
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4. On the General tab, in the Stream Split Options group, you can set
the maximum number of branch splits. Accept the current default
values.

5. In the Preview Input group, you can preview any of the input values
for the process streams, utility streams, economics or forbidden
matches. For this tutorial, leave all current default values as they are.

HX-Net is capable of solving 6. In the Solver Options group, change the maximum number of

for more than five designs, .
however, the time required for deSIgns to5.

the calculations increases 7. Click the Solve button. HX-Net will begin automatically creating
\I':Vgrhlg;?nr;;‘g]slfrrpo; Sde?'fgi\r):' hgat exchanger networks. l?epending on the speed of your system,
will be sufficient. If you have this could take up to ten minutes to complete.

time and want to calculate

more, change the maximum

design value to the necessary All generated designs will have a name that starts with “A_”, indicating
number. that these have been automatically generated by HX-Net.

8. Atthe Scenario level, click the Designs tab, then check the Relative
to target checkbox. This will show all the key variables as a
percentage of the calculated target value. The view should appear
similar to the figure below. HX-Net sorts the results by Total Cost

Index.
Figure 3.12
Desian Total Cost Index Area Units Shels  |Cap. Cost Index Heating Cooling Op. Cast Index
: [%] %] %] [%] [%] [#] %] [#]
A_Designs | @ 110.4 57.0 9.9 905 56.3 1201 1795 1419
A_Designl | @ 106.9 1036 106.3 104.8 861 104.6 1437 118.9
A_Design2 | @ 105.7 805 96.9 952 700 103.7 156.4 126.4
A_Designd | @ 105.4 7.8 338 352 £3.4 109.7 155.4 126.4
A_Design3 | @ 102.9 875 36.9 376 75.3 104.6 1437 118.3

Drata I T argets I Range T argets Designsl Options I Notes |

L Tmin I1 nooc é? v Complete designz only

From the figure above, some of the designs recommended have total
cost indexes higher than the target values, but area values less than the
target values. This minimal area has been made possible by exceeding
the utility energy targets. In most cases this will be true; to minimize
area you must increase utility consumption, and vice-versa. From the
previous figure, it appears as though A_Design3 has the smallest total
cost index, and A_Design5 has the smallest total area.
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9. Inthe Viewer group, click the design level A_Design3.

Depending on your settings, you may have slightly different results in

the list of recommended designs. For the step above, click on the
design that has the smallest total cost index.

10. On the Notes tab, select the Modification Log page. This page

displays all the actions performed by HX-Net during the creation of
this network design.

Figure 3.13

Notes Design Log

ks dded splitter-mixer TEE-100-t1%-100 by automatic design module; i‘
Hates Heater E-100 iz added by automatic design module:
Modification Log Heater E-101 iz added by automatic design module;

Added splitter-rmizer TEE-101 4412101 by automatic design module;
Heater E-102 iz added by automatic design module;
Heater E-103 iz added by automatic design moduls;
Aidded splitter-mixer TEE-10241x-102 by automatic design module;
Heater E-104 iz added by automatic desigh module;

Perfomance J “forksheet J Heat Exchangers J Target: | Motes

S

All of the designs generated by HX-Net are optimal for the given network
structure, however, if you had a design that was not already minimized

for area or cost, you can optimize the design by using the retrofit options
described in Chapter 4 - Heat Exchanger Network Retrofit.
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If you are a new user to HX-
Net, it is highly recommended
that you complete the HI Case
tutorial (refer to Chapter 1 -
Crude Pre-Heat Train
Network) and HI Project
tutorial (refer to Chapter 3 -
Automatic HEN Design in HI
Project) before starting this
tutorial.

It is assumed that you know
how to add and complete heat
exchangers on the Grid
Diagram.
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41 Introduction

In this tutorial, you will use the Automatic Retrofit feature of HX-Net.
You will start by creating a heat exchanger network (HEN) in the HI
Project environment. Then, you will enter the Automatic Retrofit
environment to retrofit the HEN. During the retrofit, you will use four
methods:

» modifying utility exchangers

» resequencing heat exchangers

* repiping heat exchangers

» adding heat exchangers

HEN retrofit focuses on modifying an existing heat exchanger network
to improve energy efficiency. In the past, HEN retrofits using Pinch
technology required an expert user, and the Mathematical
programming method reduced the interaction between the design
engineer and HX-Net. HX-Net performs the HEN Retrofit algorithm one
step at a time so the engineer may still control the decision making
process.

The design engineer can apply constraints during the design process
that will affect the retrofit calculations. Within the retrofit environment,
the design engineer is required to choose one type of modification at a
time. The design engineer also has to assess the operational safety and
practicality of the optimal designs generated by HX-Net.
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4.2 Creating a Hl Project for Refrofit

The following sections describe how to create a HEN design within the
HI Project environment.

4.2.1 Seffing Unit Preferences

Before you begin, verify that the units currently selected in the session
preferences are the ones you want to use. For this tutorial, the
temperatures are in degrees Celsius, and the MCp is in kJ/°C-s.

1.
2.

Open HX-Net if it is not already open.

From the Tools menu, select Preferences. The Session Preferences
view appears.

Click the Variables tab, then select the Units page.

In the Available Unit Sets group, select the unit set SI.
The default energy units appear in the units of kJ/h, so, you will
need to define a new unit set.

With the unit set SI selected, click the Clone button.
This will create a cloned unit set named New User.

In the Unit Set Name field, rename the New User set to Application
3 Units.

In the Display Units group, scroll down the list to find the Energy
units cell. The default unit is kJ/h.
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8. In the Energy units cell, click the down arrow. A drop-down list
appears containing various unit options as shown in the figure

below.
Figure 4.1
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9. From the drop-down list, select k]J/s.
10. In the Display Units group, scroll to the MCp cell.
11. In the MCp cell, click the drop down list and select kJ/C-s.

The unit kJ/s is equal to kW, 12. Scroll through the rest of the list and change the units for the

so in some cases you can . ; .
choose which units you want following variables:

to see displayed. » Ht Tran Coeff (kJ/s-m2-C)
» Heat Flux (kJ/s-m2)
* Fouling (C-m2/kW)
» Enthalpy per Length (kJ/s-m)
» Power (kJ/s)

Although some of these variables might not be used, it is always a good
idea to keep all of the units consistent.

13. Optional: At this point you can save the newly created preference
set, which will allow you to use it in future cases.
E | To save, click the Save Preference Set icon. On the Save Preference
File view, enter a file name and location, then click the Save button.

Save Preference Set icon

Although you can overwrite
the default preference set
included with HX-Net, it is not
recommended.
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=1

Heat Integration Manager

icon

4.2.2 Creafing the Hl Project

Now you will create the Heat Integration (HI) Project in HX-Net.

To access the HI Project view, do one of the following:

» From the Features menu, select HI Project.

» Click the Heat Integration Manager icon, or, from the Managers
menu, select Heat Integration Manager. The manager view
appears. In the left list, select HeatIntegrationProject, then click
the Add button.

The HI Project view appears.

Figure 4.2

You should be
at the Scenario
level in the
Viewer group.

In the
Worksheet
pane, you
should be on
the Process
Streams page
of the Data tab

Composite Curves

RI=IE
Viewer———————————————— P
[ | Composite Curve -
ooX Dy ) J = >

s

EI---[:I HIF1

- Scenario 1

TEmpErELE )

azee
et
saee
seee
e
i

aeee

Enfalpy guity

Data Inlet T | Outlet T MCp Enthalpy HTC Flawrate Effect
e 1] 1] [kJ/C-h] S e [kath] [kJl
Process Sk N
B
Lltility Streams
Econormics
KN |
_—
Datal T argets I Range Targets I Designs I Options I Hotes |
il |m.nnc 5 X [
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4.2.3 Entering the Process Stream Dafa

In this section, you will enter data for the process streams on the Process
Stream page on the Data tab.

1.
2.

In the Name column, click on *New**.

Type H1, then press the ENTER key. The cursor automatically moves
to the Inlet T cell.

In the Inlet T cell, enter 347.3°C. The default units that appear in the
unit drop-down list are already in degrees Celsius, so they do not
need to be changed.

In the Outlet T cell, enter 45°C.

If you know the temperature in a unit other than the default, type
the known temperature in the cell, then select the appropriate units
from the drop-down list, as shown in the figure below. HX-Net
automatically converts the value to the default units. For example, if
you enter 113°F HX-Net converts this value to 45°C.

Data N Inlet T Dut\etTl MCp Enthalpy 5 HTC Flowrate Effective Cp
ame [c] Ic1 TJ/C5] Tkdés] SO fkdieme Ll || [kash] [kdka-C]
(UGS ST HT 7| 3473 [113. [c A [T 020
Utility Streams g o}
Econamics k
F
&l
T
1
| 2
=
Datal T argets I Range Targets I Designs I O ptions I Notes |
DTmin [I000C 4 X B = ea o
5. Inthe MCp cell, enter 180.1 kJ/°C-s.

After you enter the inlet and outlet temperatures, HX-Net knows if the
stream type is hot or cold. A red or blue arrow appears in the second
column. A red arrow indicates a hot stream; a blue arrow indicates a cold
stream.

Next, you will segment this stream and add other streams to the HI
Project.
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Double-click in the HTC
column to open the HTC
Default Values view, which
contains a list of default heat
transfer coefficients for
various materials. Accept the
default value or select a new
default value.

The blank segment row
always appears above the row
containing the cursor.

5egmenting Process Sfreams

The H1 stream requires an enthalpy or heat capacity value to be
complete. All other information is optional. When you enter this
information, HX-Net generates a default heat transfer coefficient value
for the HTC cell. For this tutorial, you will use the default coefficient
values generated by HX-Net.

In this section you will add streams and segment some of the streams.
Stream segmentation is extremely useful for streams that change phase
or have non-linear variations in enthalpy as the temperature changes.

1. Inthe HI stream row, double-click on any cell (except HTC) to open
the Process Stream view.

Figure 4.4

=T
# |Flowrate [kg/h] 1 -]
Total Heat Load [k /5] | 0.0000 |
Inlet T Outlet T Effective Cp MCp Heat Load HTC
[C] [C] [k)/kg-C] [k /C-5] [k /5] [k f5-mz-C]
1] 473 1130 = 0.2000
T st Segment | Delete Segment | Delete Al
_
Segment Dalal Physzical Properties I Graphs ]

2. Click once in the Outlet T cell containing the value 45.0. This is the
target outlet temperature.

3. Click the Insert Segment button. A blank row appears above the
target outlet temperature.

4. The outlet temperature of the first segment is 202.7°C.
Click in the empty Outlet T cell and enter 202.7.
HX-Net automatically inserts the inlet temperature for the following
segment.

4-7
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5. The MCp for the first segment is 217.3 kJ/°C-s.
Click in the empty MCp cell and enter 217.3.
The process stream is complete as shown in the figure below.

Figure 4.5

¢ Process Stream: H1
»  [Flowrate [ka/h]
Total Heat Load [k)/s] | 5.982e+00:
Inlet T Outlet T Effective Cp MCp Heat Load

IC] IC] [k #eg-C] [kJ/C-5] [k #5]
3473 2027 2173 | 3142e+004 0.2000
2027 450 B | 1801 | 2.840=+004 0.2000

Insert Segment | Delete Segment |

i Segment Data | Physical Properties J Graphs J

Click the Close icon to return to the Data tab of the HI Project view.

7. Now that you know how to successfully enter process stream
information and create segmented streams, enter the following

stream information.

calculated for you.

Enter the stream name, first Inlet T value and the target (last) Outlet T
value on the Process Streams tab before accessing the Process Stream
view to enter the segment information.

Enter only the Outlet T values and the MCp values; the Inlet T values are

Stream Name Inlet T (°C) Outlet T (°C) MCp (kJ/°C-s)
H2 319.4 2441 136.2
H3 297.4 203.2 22.08
203.2 110.0 19.76
H4 263.5 180.2 123.1
H5 248.0 143.7 67.41
143.7 50.0 58.11
H6 231.8 176.0 51.14
176.0 120.0 46.49
H7 167.1 116.1 172.0
116.1 69.6 158.1
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Stream Name Inlet T (°C) ‘ Outlet T (°C) MCp (kJ/°C-s)
H8 146.7 133.3 233.6
133.3 120.0 202.2
120.0 99.9 169.7
99.9 73.2 338.2
H9 73.2 30.0 6.843
H10 73.2 40.0 57.69
Ci11 232.2 274.3 471.9
274.3 343.3 498.6
Ci12 30.0 108.1 333.6
108.1 211.3 381.2
211.3 232.2 481.2
C13 226.2 228.7 352.2
228.7 231.8 425.4

8. Verify that the information on the Process Streams page appears

similar to the following figure.

Name Inlet T | Olutlet T MCp Enthalpy Seam HTC Flowrate
IC] IC] [k AC-3] [k 5] 9™ [k)dsm2-O] [ka/h]
Hi [ 3473 45.0 -~ | B.982e+004 | »~
H2 [ 3194 | 2441 136.2 | 1.026e+004 0.20
H3 || 2974 | 1100 3922 |
H4 | | 2635 | 1802 1231 | 1.025e+004 0.20
H5 [ 248.0 50.0 -~ | 1.248e+004 | »~
HE | | 231.8| 1200 5457 | o
H? || 1671 E9.6 1.612e+004 | o~
HB [ 1467 732 -~ | 1.826e+004 | #7
H3 [/ 732 30.0 E.543 295.6 0.20
H10 | 732 40.0 57.69 1915 0.20
C11 | A 2322 | 3433 -~ | B4Z7e+004 | _A
ciz| A 300 2322 7.545e+004 | _#
C13 |~ 2282 2318 2193 |
“New™

4-9
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You can change or define

economics parameters on
the Economics page of the
Data tab. Refer to step #6.

4-10

4.24 Entering Ufiliy Stream Dafa

In this section, you will specify all the required heating and cooling
utilities for the HEN design.

1.

Click on the Data tab, then click on the Utility Streams page.

The hot and cold status bars at the bottom of the tab displays
“insufficient”, which means that there are not enough cold and hot
utilities to satisfy the process streams.

2.

In the Name Column, click on <empty>. A drop-down arrow
becomes active.

Name
<emphy

3. Click the arrow, and a drop-down list appears containing all of the

default utilities available within HX-Net.

Mame

Cooling Wwater I—
Fired Heat [1000] ==
Fired Heat [2000]

Hat 0il

HF Stearn

HF Steam Generation ;I

4. Select the following default utilities from the list:

Cooling Water

Fired Heat (1000) - If a warning box appears, click OK.
HP Steam

LP Steam Generation

MP Steam

MP Steam Generation
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5. Verify that the information on the Utility Streams page appears
similar to the figure below.

Process Streams
Utility Streams

Economics

DTmin |1D.DD C

Data N Inlet T | Outlet T | Cost Index o HTC Target Load | Effective Cp | Target FlowF ate
me ] [£] [Costil] |°%9™) [kl/sm2C) k)] [kJkaC) kath]
Cooling " ater A 2000 2600 | 2125e-007 375 || 1.78Be+004 4183 3073307.97
FiredHeat (1000) || 1000 | 400.0 | 4.243e-006 011 || 1.765e+004 1.000 105882.53
HP Steam | /| 2600 | 2430 | 2.500e-006 6.00 2032 1703 4295.30
LF Steam Generation | #| 1240 | 125.0 | -1.890e-00€ 6.00 B337 2196 10387.36
MPSteam || 175.0 | 1740 2200e-006 6.00 0.0000 1981 0.00
MP Steam Generation | || 1740 | 175.0 | -2.190e-00€ £.00 2349 1981 4267.38
< emphy>
EIN| |
—
Data I Targets I Range Targets I Designs I Options I Motes |
& Hot NSHIEERN co. |ISHSERN = e

6. On the Data tab, click on the Economics page.

Figure 4.10

Heat Exchanger Capital Cost Index P

Data
Hame a b ® HT Config
flocesilesns DEFAULT | 1.000e+04 |  B00.0 | (0.8000 | Heat Excharger
Utility Streams o @y
E

Capital Cost Index[Heat Exchanger] [Cost] =a+b{HeatExch AreasShells]“c*Shells
Capital Cost Index(Fired Heater) [Cost] = & + b Fired Heater Duty |z

nnualization

Rate of Retum [%]: IW FOR
Planit Life [years]: |5-UUU AL

Annualization Factor= (1 + ROR#100]"PL/PL

tatches Economic Defaults | n =

—
Dalal Targets I Range Targets I Designs I Optiores I Hotes |

DT min I‘ID o

E |
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HX-Net supplies a default set of economic parameters for a typical heat
exchanger. Here, you can change or add another type of installation cost

and area-related cost law coefficient if required. At least one set of

economic data must be available for the calculation of the capital cost

targets and network capital costs.

For this tutorial, you will use the default values.

4-11
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425 Building the Heaf Exchanger Nefwork

In this tutorial, you will add heat exchangers only to the heat exchanger
network. Splitters are not required.

Accessing the Design Level

To build the HEN diagram, you must enter the Design level of the HI

Project view.

1. Inthe Viewer group, click on the + beside Scenario 1 to expand the
tree.

2. Click on the design named Design 1. The view appears as shown in

the figure below.

Figure 4.11

L=
Miewe ————————————————— _ " =
s XDy o = .
53 HIP1 e e, e, e e e e e e e e e e e e e =
= Seenario 1 ma——
2% Design 1 e
N —
— —
o W— —
ity )
s~ p—
ol e e e e e e e e e —— —— —— — — — —
e e e e e e e ———— — — — — ——— —
WE Sam
< [ v
B ||| Infeasible X 0, HX Not Calculatedt 0 Unsatisfied Streams: 13 D
. Metwork Cost Ind Metwark Performanc
Summary Cost Index | % of Target HEM % of Target
Heat Exchangers Heat.ing [Cost/s] Heat.ing [kd /2]
Utiities Ennllng [Cost/z] Cooling [l f’s].
Operating [Cost/s] Murmber af Units
Capital [Cost] Mumber af Shell:
Total Cost [Cost/s] Total Area [m2]
-
Pelfolmancel “wforksheet I Heat Exchangers I Targets I Motes |
=0 o

The Main
pane displays

" the Grid

Diagram
instead of the
plots.

The status bar
is not green.
There are 13
unsatisfied
streams.
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&=

Open Palette View icon

5l

Open Property Preset View
icon

aeffing the 6rid Diagram View Oprions

To modify the appearance of the heat exchanger network design in the
Grid Diagram:
1. Open the Property Presets view by doing one of the following:

» Click the Open Palette View icon. The Design Tools palette
appears.Click the Open Property Preset View icon.

Figure 4.12

Design To |
o I fhu
B e A
wFo3E

» Right-click on the Grid Diagram, then select Properties from the
Object Inspect menu.

2. The Property Presets view appears.
Select Preset 4: (Temperature), then click the Edit button.
The Property Preset: Preset 4: (Temperature) view appears.

Click the Annotations tab.
In the Heat Exchangers group, click the Middle drop-down list.

From the drop-down list, select Name.
The stream name will now appear in the Grid Diagram.

6. Close both the Property Presets and Property Preset: Preset 4:
(Temperature) views to return to the HI Project view.

4-13
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z

Add Heat Exchanger icon

©

Bull's eye icon

-

Red dot icon

|*-

-

Light blue dot icon
(under four arrows)

4-14

Rdding Hearers

In this section, you will add heat exchangers to the network design.

The Design Tools palette must be visible before you can add heat
exchangers.
1. Press F4 to open/access the Design Tools palette.

2. Inthe Design Tools palette, right-click and hold on the Add Heat
Exchanger icon.

3. Drag the cursor over the C11 stream until the Bull’s eye icon
appears.

4. Release the mouse button. The heat exchanger appears as a solid
red dot.

5. To attach the heat exchanger to the Fired Heat (1000) stream, click
and hold on the red dot, then drag the cursor to the Fired Heat
stream. A light blue dot will appear underneath the cursor as you
drag it to the new stream.

6. Release the mouse button. The heat exchanger appears. Since this is
a heater, the heat exchanger is red.

7. Double-click either end of the heat exchanger (the red dots) to open
the Heat Exchanger property view.

8. Click the Notes tab.
9. In the Name field, enter HU1.
10. Click the Data tab.
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11. On the Data tab, Click the Tied checkbox for the C11 cold stream
outlet temperature. The heat exchanger property view appears as
shown in the figure below.

Cl1is a cold stream

C11 stream Outlet
Temperature

Inlet Temperature

Cold Stream: C11

o [l 3]

dT Hot end:

FE7C

Ox 0
I232.2 ®
-
I~ Tied
dT Cold end:
I<emply> ID.DDUU
¥ Tied
400.0C -

Fired Heat (1000) strearL_/—/

" Counter Current

o

Hat Stream: Fired Heat [1000]
{* Shell and Tube

—
Dalal Connechivity I Parameters I T-H Plat I Notes |

*

Under-specified

"

Figure 4.13

»? Heat Exchanger E-101

\’4

C11 stream Inlet
Temperature

Fired Heat (1000)
stream Outlet
Temperature

Fired Heat (1000)
is a hot stream

4-15

Since the C11 stream is
being heated to the known
outlet temperature, you can
“tie” the cold stream outlet
temperature value to the
outlet temperature value
previously entered on the
Process Streams tab.

12. Inthe Duty field, enter 37.9, then select MW from the units list.

Figure 4.14

Tk
Cold Stream: C11
< Q: 0
3433C < empys 232.2C
v Tied I~ Tied
dT Hat end: Diuty: Area: dT Cold end:
IBEB 7C 137_9 iz j ID.DDUU
Biufte)/hr -
Tied tbBtL D ¥ Tied
o e MMBRtclhr =
|1 oo c
1 NGl -
cal
N biw -
ed Heat [1000]
i Counter Current {* Shell and Tube
-—
Dalal Connechivity I Parameters I T-H Flot I Notes |
* Under-specified
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The heat exchanger solves, and the view appears as shown in the figure

below.
Figure 4.15
i
Cold Stream: C11
< O O
|343.3 C |232.2 C
W Tied I Tied
dT Hot end: Couty: dT Cold end:
|555 7C |3?.SD [ |1 Fram2 |1 3zIC
¥ Tied [ Tied
|1 oo c |4UD.U C
Hat Stream: Fired Heat [1000]
= Counter Current {* Shell and Tube
—
Dalal Cornectivity I Parameters I T-H Plot I Hotes |
S - - 1]

13. Use the procedure you just learned and the data in the table below
to add the other heaters.

When placing heat exchangers on the stream, remember that the hot
streams flow from left to right, while the cold streams flow from right to
left.

Cold Stream (°C)

Location of Heat

Streams Duty (MW)
Exchanger Inlet T | Outlet T
HU2 Cl2 & HP Place on C12 stream Tied 27.8
Steam
HU3 Cl3 & HP Place on C13 stream Tied Tied
Steam

“Tied” indicates that you must check the Tied checkbox as indicated. A
blank cell in the table above indicates that HX-Net will calculate the
value.

4-16
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2|

Add Heat Exchanger icon

©

Bull's eye icon

-

Red dot icon

Light blue dot underneath
four arrow cursor

You know from the stream
information you entered on
the Process Streams tab that
the inlet hot stream
temperature for E1 is the
same as the initial stream
temperature for H6.

Rdding Hear Exchangers

In this section, you will add heat exchangers to the Grid Diagram.

1. Press F4 to open/access the Design Tools palette.
2. Inthe Design Tools palette, right-click and hold on the Add Heat

Exchanger icon.

Drag the cursor over the H6 stream until the Bull’s eye icon appears.

Release the mouse button. The heat exchanger appears as a solid

red dot.

5. To attach the heat exchanger to the C12 stream, click and hold on
the red dot, then drag the cursor to the C12 stream. A light blue dot
will appear underneath the cursor as you drag it to the new stream.

Remember that cold streams flow from right to left. Place the new heat
exchanger upstream from (to the right of) HU2 on the C12 stream.

6. Release the mouse button. The heat exchanger appears.

Figure 4.16

7. Double-click either end of the heat exchanger (the gray dots) to
open the Heat Exchanger property view.

Click the Notes tab.
In the Name field, enter E1.

10.
11.
12.
13.

Click the Data tab.

Click the Tied checkbox for the inlet hot stream temperature.

Click the Tied checkbox for the outlet cold stream temperature.
In the Duty field, enter 0.7 MW. The heat exchanger solves.

4-17

4-17



4-18 Creating a HI Project for Retrofit

If you make an error and need 14. Use the procedure you just learned and the data in the table below
to delete a heat exchanger, to add the rest of the heat exchangers and coolers to the Grid
right-click either end of the Diasram

exchanger and select Delete & :
from the Object Inspect menu.

When placing heat exchangers on the stream, remember that the hot
streams flow from left to right, while the cold streams flow from right to
left. This is important when placing heat exchangers ‘before’ or ‘after’
other exchangers in the design.

“Tied” indicates that you must check the stream Tied checkbox. A blank
cell indicates that HX-Net will solve the value.

Hot Stream (°C) Cold Stream (°C) | | gad/Duty

Streams Location of Heat Exchanger

Outlet T Outlet T (Mw)
E2 H1 & C11 Place on C11 stream, before Tied Tied 15.2
HU1
E3 H3 & C11 Place on C11 stream, before Tied Tied Tied
E2
E4 H3 & C12 Place on H3 stream, after E3 Tied Tied 0.7
Place on C12 stream, before
E1l
E5 H1 & C12 Place on H1 stream, after E2 Tied Tied Tied
Place on C12 stream, before
E4
E6 H3 & C12 Place on H3 stream, after E4 Tied Tied Tied
Place on C12 stream, before
E5
Cul H3 & Place on H3 stream, after E6 Tied Tied
Cooling
Water
Cu2 H6 & Place on H6 stream, after E1 Tied Tied
Cooling
Water
Cu3 H10 & Place on H10 stream Tied Tied
Cooling
Water
Cu4 H5 & Place on H5 stream Tied Tied
Cooling
Water
CUs H9 & Place on H9 stream Tied Tied
Cooling
Water
Ccu6 H7 & Place on H7 stream Tied Tied
Cooling
Water
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Hot Stream (°C) Cold Stream (°C) Load/Duty

Streams Location of Heat Exchanger MW
Outlet T Outlet T ( )

Cu7 H8 & Place on H8 stream Tied Tied
Cooling
Water

cus H2 & MP Place on H2 stream Tied Tied

Steam
Generation

CuU9 H4 & LP Place on H4 stream Tied Tied
Steam
Generation

After entering the information in the table above, the Grid Diagram
should appear as shown in the figure below. There might be some
variation in the heater placement.

Figure 4.17
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4.3 Performing the Retrofif

4.3.1 Entering the Relrofif Environment

In this section, you will use HX-Net’s retrofit tools to generate optimal

HEN designs.
1. Inthe Viewer group, select Scenario 1.
C 2. Click the Enter Retrofit Mode icon located at the bottom right
corner of the view.
Enter Retrofit Mode icon . . . . .
3. The Enter Retrofit Environment view appears, as shown in the figure
below.
Figure 4.18
Ensure the ’-’Enlel Retrofit Environment
Create New Y ———— ]
3 . . reate New Retront acenana
Retroflt Scenario " Convert to Retrofit Scenario
is selected. eS|
ol
Read the
suggestions on
Select the design . the Tll_ps thab o
to be entered int This wil clone the scenaria J simplify the

the Retrofit Lo a new scenario and enter
Environment.

data and the selected design design before

the retrofit environment entering into the
= HEN Retrofit
environment.

{"Enter Retrafit Ervionment

While you are in the Retrofit Mode you cannot make any changes to the
design and stream information.

The Tips tab contains the following information:

4-20

Reduce the scope of the problem by minimizing the number of
streams and heat exchangers in the heat exchanger network.
Remove the exchanger(s) at either end of the streams that you don't
want to modify and update the corresponding inlet or outlet stream
temperatures. This can simplify the network and increase the
efficiency of the model.

Keep stream segmentation to a minimum as they increase the
computational power required to solve the problem.
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« Combine adjacent heat exchangers between two process streams
into one heat exchange when possible. This has no effect in the final
outcome but makes the solver work more efficiently.

* Remove all energy streams. Energy streams are important to
establish the targets of a process but are not necessary to perform a
retrofit study. By removing them, the problem becomes easier to
solve.

Verify that the heat exchanger network represented in HX-Net matches
the setup that exists in the plant before entering the retrofit
environment. This will ensure that accurate and meaningful designs are
generated when retrofit is performed.

4. Click the Enter Retrofit Environment button.
The following view appears (Performance tab, Summary page).

Figure 4.19
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Operating [Cost/s] 0.2057 308.3 Muraber of Units 1800 51.43
Capital [Cost] E.501 e+006 3233 Mumber of Shells £7.00 67.01
Total Cost [Cost/s] 0.2721 100.2 Total &rea [m2] 2632e+004 2498

—
Perfulmam:el winrkshest I Heat Exchangers I Taigets I Hotes |
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Performing the Retrofit

4.3.2 HEN Refrofif - Resequencing

Hear Exchangers

In this section you will generate a retrofit design by resequencing the
heat exchangers.

1.
2.
3.

In the Viewer group, select Design 1 under Scenario 1 1 (blue folder).
Click the Open Palette View icon. The Design Tools palette appears.
On the Design Tools palette, click the Modify utility heat exchanger
icon.

In this example, it is not optimal to modify any of the utility heat
exchangers. The following view appears.

Figure 4.20

HXNET |

& It ig not optimal to modify any utiity exchanger.

Click the OK button to close the view. The view for Scenario 1 1
appears.

In the Viewer group, select Design 1 under Scenario 1 1 (blue folder)
again.

Click the Open Palette View icon. The Design Tools palette appears.

On the Design Tools palette, click the Move one end of a Heat
Exchanger icon. The Retrofit Specifications view appears.

»? Retrofit specifications x|

"M aximum [nvestment

In the Maximum Investment field, enter a capital cost investment
value. Entering a value here helps ensure that HX-Net will generate
retrofit solutions. Leave the field blank if you want to see if HX-Net
can generate a solution requiring no capital investment.
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9. Click the Run button. HX-Net begins retrofit calculations.
The following view will appear if HX-Net calculates a cost above
what you entered in the previous step.

Figure 4.22

»* Retrofit Results Warning x|

The Investment is calculated to be B330520.208353
This is larger than the M aximum Investment of 0.000000
Press "Recalculate’ to increaze the Masimum [nvestment

Delete Designl Keep Design | BRecalculate |

To display the exchanger In this view, you can do the following:

nafmes ifathe new degign;  Click Delete Design to exit the calculation and delete the design.
refer to the previous Setting . . . . . .

the Grid Diagram View Cl!ck Keep Design to finish the calculat!on and keep the design.
Options section. » Click Recalculate and enter a new Maximum Investment value.

10. For this tutorial, click Keep Design.
A new design called Design 1-18 appears in the Viewer group.

11. Inthe Viewer group, select Design 1-18. Verify that the Grid Diagram
appears similar to the view below.

Figure 4.23

? TUT-HeatXNetworkRetro-retrofit-4963.hcd - HX-Net 6.0 - [HI Project: HIP1] =& 1[
,.‘ File Edit Managers Features Tools Window Help _|& ﬂ
DS || &

- Vieweer -

EN moc B L1 -

v . * e e e
anc \mac
= cenario 4 & & LY & il o
© leesg Design Coolirg Wikr
‘E Scenaiio 11 mrac = miac =, o
- Design 1 aaach b ‘W ® e
“o-2¢ Design 115 e = e 2 dbee ® o
macys e il ol P mzc
manchs Py sanc
s 3 mEic B r‘mc —
. > -9 '
The green icon - | ® ase
P m2cHE | —1 moc
indicates that a ol ° ] o
section of the aad © w oe ok e
heat exchanger | T Q) —
o + .
has been moved. —] - i o
o3
wmac s
=ancHred Heal (1000 11 “anc
whem® gep
WP Seam
o | v-
ol 51 o L Infeasibls HX: 0, HX Mot Caloulated: 0 Unsafisfied Streams: 0] &
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e
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To display the exchanger
names in the new design,
refer to the previous Setting
the Grid Diagram View
Options section.
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Performing the Retrofit

4.3.5 HEN Refrofit - Repiping Heal Exchangers

1.

In the Viewer group, select Design 1 under Scenario 1 1 (blue
folder).

Click the Open Palette View icon. The Design Tools palette appears.

On the Design Tools palette, click the Move both ends of a Heat
Exchanger icon. The Retrofit Specifications view appears.

Figure 4.24
x
"Maximumln tment:
Cancel | Bun |

In the Maximum Investment field, enter a capital cost investment
value. Entering a value here helps ensure that HX-Net will generate
retrofit solutions. Leave the field blank if you want to see if HX-Net
can generate a solution requiring no capital investment.

Click the Run button. HX-Net begins retrofit calculations.
The following view will appear if HX-Net calculates a cost above
what you entered in the previous step.

Figure 4.25

b’Retroﬁt Results Warning il

The Investment is calculated to be B330520.208353
This is larger than the Maximum [nvestment of 0.000000
Press "Recalculate’ to increase the M aximum lnvestment.

Delete Designl Eeep Design | FRecalculate |

In this view, you can do the following:

6.

» Click Delete Design to exit the calculation and delete the design.
» Click Keep Design to finish the calculation and keep the design.
» Click Recalculate and enter a new Maximum Investment value.

For this tutorial, click Keep Design.
A new design called Design 1-1P appears in the Viewer group.
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7. Inthe Viewer group, select Design 1-1P. Verify that the Grid Diagram
appears similar to the view below.

p*TUT—HEatKNEtWDrkRElru—retrufil—-igﬁﬂ.hcd - HX-Net 6.0 - [HI Project: HIP1] _ = x|
’J File Edt Managers Features Tools ‘Window Help =7 ﬂ
EEES
- Wigwer -
E mac cls ianc
EE gpg o1 anc4 C"'thc"zilJcIuZA:%_jic cus 5 c'usz‘E U7 LPEEam &mlalq-'\mnc
cenario P ——
Tz Design - Goolirg tnmer
B Scenario 11 A Ry s
(-2 Design 1 saec” = EET i
=3 Design 1-1P mrac® . 4 2 zagc zas, LTS
2 Design 1-15 macyy f \mac
manch, “anc
The two green mact o zazs e
. L i hd i mrc
icons indicate " nae
that the heat = [} .
macs FY “anc
exchanger has T it e L ——
o
been moved. m=2c * H§eEe oisiZpliema weze Ao Ve
Hu3 ez
e e
c13
moe_ e
=nnched Heal o Txanc
ImOCHA Seam et noc
WP SEam

< [ =
= [ InfeasibleHi: O, HX Not Calculeted 0 Unsatisfied Sheams: 0] &
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Performing the Retrofit

4.3.4 HEN Refrofit - Adding Heal Exchangers

1. Inthe Viewer group, select Design 1 under Scenario 1 1.
Click the Open Palette View icon. The Design Tools palette appears.

On the Design Tools palette, click the Add a Heat Exchanger icon.
The Retrofit Specifications view appears.

¥ Retrofit specifications x|
"Maxlmumln estment
Cancel | Bun |

4. Inthe Maximum Investment field, enter a capital cost investment
value. Entering a value here helps ensure that HX-Net will generate
retrofit solutions. Leave the field blank if you want to see if HX-Net
can generate a solution requiring no capital investment.

5. Click the Run button. HX-Net begins retrofit calculations.
The following view will appear if HX-Net calculates a cost above
what you entered in the previous step.

- Retrofit Results Warning x|

The Investment is calculated to be B330520.208353
This is larger than the Maximum [nvestment of 0.000000
Press "Recalculate” to increase the Magimum [nvestment.

Delete Designl Keep Design | | Recalcu |

In this view, you can do the following:

» Click Delete Design to exit the calculation and delete the design.
» Click Keep Design to finish the calculation and keep the design.
+ Click Recalculate and enter a new Maximum Investment value.
6. For this tutorial, click Keep Design.
A new design called Design 1-1N appears in the Viewer group.

7. Inthe Viewer group, select Design 1-1N. Verify that the Grid
Diagram appears similar to the view below.



4-27

re 4.29

18]
NEE

¥ TUT-HeatXNetworkRetro-retrofit-4963.hcd - HX-Net 6.0 - [HI Project: HIP1]
- Fle Edt Managers Features Tools ‘Wwindow Help

DS E 2|

= Vigwer -
sus =
g > imac _inac
|aﬂc1 cus WP Seam E!r!mlmlan:
2-CaHP e CUi_ cUZ oU3 _ Cus cus GUs Ui LFBkanceremlon
- Scenario 1 « 250000 745 243 zc 20 guzir
T 4 Gocling ik
2t Design 1
i = -
= Scenario 11 mrac O Tiieo i~ e

L B T e i

= Es B
oy Eeess 2{27C i3l 1mae
ot v. o mzc

| onc
; £l 2o ¢ e
The two green icons > Py ac
and a new exchanger 72t
name indicate that the ry d e
heat exchanger was mae
added. teess_Amzapst1ehassol e
=ac cq::z:
2
mmoc. e
=00CHEd Heal (1. .. k] W20
o =8
WP Seam -

«

2l =] o s L irfeasble HxX: 0. HX Not Caloulated: 0 Unsaisfied Streams: 0] &

4-27



4-28

Comparing Designs

44 Comparing Designs

Now that HX-Net has generated three possible design improvements,
you can compare each design and decide which one best suits the
project requirements.

1. Inthe Viewer group, select Scenario 1 1.

2. Click the Designs tab. The following worksheet appears. The values
displayed may be different than what appears below.

Figure 4.30

Desin Papback Area Mew Area Cap. I Heating Cooling Op. Saving
g [wears] [m2] [m2] [Cost] [Mia] [r'd] [Costis]
I Design 1-15 | @ 0.0000 || 2631e+004 59,61 | 2.106e+004 £7.90 74.76 0.0000
Dezign1 | @ 0.0000 || 2632e+004 | 2632e+004 | £.991e+00E £7.90 74.76 0.0000
Design 1-1N | @ 0.0000 || 2.632e+004 | 1.421e-014 | EESEe-003 E7.90 7476 0.0000
Design 1-1F 01636 || 2.343e+004 1146 | 4.033e+004 £3.85 7572 | -7.552e-003

= Data I Targets ] Ranae T argets

Designs | Options | Mates |

il |1 0oocC

&

¥ Complete designs only [~ Relative to base design  [Z3%_] 23
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The Designs worksheet displays data on the original and all the retrofit
generated designs. For each retrofit generated design you can compare
the following:

» the payback of the generated design
* new area required

 capital investment required

e energy consumption reduction

» operation costs reduction

Remember that all estimated cost values are based on the HX-Net
default economic parameters. You can change the economic parameters
on the Economics page of the Data tab. All modification changes are
compared to the base case design.
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3. Click the checkbox beside Relative to base design to view the above
data with percent values relative to the original HEN design.

Figure 4.31

B FPayback Area Mew Area Cap. Inw. Heating Coaoling Op. saving
[years] [] [] %] [] [] %]
1l Deszign1-15 | @ 0.0000 99.95 0.23 100.00 100.00 100.00 100.00
Design1 | @ 0.0000 100.00 100.00 100.00 100.00 100.00 100.00
Design 1-1N | @ 0.0000 100.00 0.00 100.00 100.00 100.00 100.00
Deszign1-1F | @ -0.1696 89.02 0.44 88,32 101.41 101.28 101.34

= Data ] Targets I Fange Target:  Designs | Options | Mates

D Tmin I1D.DD L f_),? [V Complete designs anly [
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Introduction

5.1 Infroduchion

This tutorial serves as an In this tutorial, you will use DISTIL to help you decide the best column

introduction to the DISTIL
Column Sequencing

sequence design to separate a feed stream into five product streams.

operation.

5-2

—» Product A
—»

Feed —> Product B
C3 —
ca . P> Product C
n-C4
i-C5 —» Product D
n-C5 )
L — F—>Product E

For a five product separation system, there are as many as 14 different
column sequence designs. The figure below displays two possible
sequences:

Figure 5.2

A
ABC r
e .
ABCD | BC |r-’ OR Feed l
CDE
Feed=p— | |—-DD \—-DC —— l D

o o |
-

The objective of this tutorial is to illustrate how you can use the column
sequencing feature for screening and scoping different design options.
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For more information about
task, refer to Section 5.4.4 -
Representation from the
Reference Guide.

For more information about
instance, refer to Section

5.4.5 - Task Classification
from the Reference Guide.

The performance of all tasks is estimated using the Shortcut models and
then the rigorous MILP model is employed to identify a few promising
column sequences.

5.1.1 About the Scenarios

The following four different scenarios will be considered to see how the
performance of the optimum design changes as the search domain is
expanded.

The first scenario looks at the classical column sequencing problem
where all the tasks (i.e., all potential columns of sequence) operate
at a fixed pressure (P = 5 bar). This scenario will illustrate how
different sequences of splits affect the performance of the
separation system.

The second scenario expands the search domain by adjusting the
operating pressure of all tasks to use cooling water as the cold utility
and then performing column sequence screening. This scenario will
illustrate that the optimum column sequence strongly depends on
the operating pressure of the columns within the sequence.

The third scenario further widens the search domain by allocating
instances of tasks that perform identical separation but operate at
different pressures. This scenario allows you to solve sequencing
and pressure optimization problems simultaneously. The number of
design options increases exponentially, but the rigorous MILP
framework allows you to identify promising options without any
difficulty.

The fourth scenario imposes some constraints on the search space
domain to utilize the available assets more effectively and find the
most promising sequence.

The first three scenarios assume a grass-roots situation, while the fourth
scenario addresses retrofitting the real industrial plant.

5-3
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5-4 Setting Unit Preferences

Blue text indicates that you
can modify the value
associated with the selected
variable.

5-4

5.2 Seffing Unif Preferences

Before you begin setting up the simulation, verify that the units

currently selected in the DISTIL preferences are the ones you want to

use. For this example, the temperature is in Celsius, the pressure is in

bars, and the cost per time is in $/year.

1. Open DISTIL if it is not already open.

2. From the Tools menu, select Preferences. The Session Preferences
view appears.

3. Click the Variables tab, then select the Units page.

Figure 5.3

2 Session Preferences (CONCEPTS.PRF) EaE
Variabl —Avwvailable Unit 5 et
S Energy Integratian - Field - Clane |
Units Eneroy [ntegratian - 51 J
Farmats ﬂl
Field -
Unit Set Hame IEurDSI Wiew Wsers,. |
~Display Unit
Unit | Wigw .. |
“Yapour Fraction Unitless _I
Temperature [ A |
Pressure biar Delete |
Flow kagmolesh
Mazs Flow kath | x|

" General Valiablesl Reports IFiIes I Resources |

¥

4. Select Separation - EuroSI from the Available Unit Sets group.

If this unit set is not available, clone the Euro-SI unit set, name the
new unit set Separation - EuroSI, and set the Cost Index per Time
unit to $/year.

5. Scroll through the table in the Display Units group to confirm that
the selected unit set contains the units you want to work with.
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5.3 Creafing the Fluid Packane

To use the Column Sequencing operation, you have to create a fluid
package containing the property package and components required to
simulate the feed stream entering the separation system.
A 1. Open the Fluid Package Manager view by clicking the Fluid Package
Manager icon.
2. In the Fluid Package Manager view, click the Add Fluid Package
icon.
The Fluid Package view will appear.

Fluid Package Manager icon

H 5.3.1 Selecting a Properfy Package

In the Fluid Package view, click the Property Package tab.

p o=

In the Model Selection group, select the Vapour radio button, then
select Ideal Gas from the Model Selection list.

3. Inthe Model Selection group, select the Liquid radio button, then
select Peng-Robinson from the Model Selection list.

4. Click the Notes tab. In the Name field, type PR-5ProductSystem.

The status bar at the bottom of the Fluid Package view should display
Peng-Robinson-Ideal Gas, as shown in the figure below:

Figure 5.4

Fluid Package: PR-5ProductSystem [_ (O[]
Model Selection ~Model Option:
Lee-Kesler-Placker | Property Options N
HMargules Enthalpy | PengRobinson Erthalpy ||
:FHTL Black il Entropy Feng-Fobinson Entropy
P;gtsc Bz D Cp Peng-Fabinzon Cp
Cw Peng-Rabinzon Cv
LnFugacityCoeff | Peng-Haobinson L. Fugac
LnFugacity | :ng-Fobinzon Ln. Fugacity
Fedich-Kwang talarDenzity | FPeng-Robinzon Malar Der
Regular Solution Molar¢olume | Peng-Fobingon Malar Yol
gEEfLK Wizcogity Hv'57'S Wizcogity
Sour Pena Flobinsan LI ThermalCUnducl\\:’\ly ‘575 Thermal Cunducli\.tily
~ & Ligui SurfaceTension | HYSYS Surface Tension
Yapaur + Liquid Helmhaoltz | Peng-Raobinzon Helmhaltz
|Peng-Ficbinson EQS wsing mixing e #1 for al Gibbs | Pena-Rabinsan Gibbs Ene LI
-
Property Package | Components I Binary Coefficients I Flash Cantrol I Notes |
X [ Peng-Robinson-ldeal Gas 3
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§.3.2 Selecfing the Components

In this section you will add components to the property package.

1.
2.

You can also press ENTER to 4.

add the selected component
from the list into the Selected
Components group.

Click the Components tab.
In the Available Component List/Filter Options group, enter ¢3 in
the Match field.

The list under the Match field will be sorted to display all
components that have ¢3 in the name.

Select C3 from the list, then click the Select button.

The component propane will be added to the Selected Components
list.

Figure 5.5

C3H4 LI
Hempye Wiews | Edit... | Create.. | Clone... |
—_—
Property Package  Components I Binary Coefficients I Flash Contral I Motes ]
X [ Peng-Robinson-ldeal Gas 3

Fluid Package: PR-5ProductSystem [_ (O[]

Selected Companents——————  ~Awvailable Companent List/Filter Option:

= } [¥ Shaow Synonpms
Database: I Hyprotech = [~ Search by Formula

I~ Use Family Filter

Match: |C3 P
Family Filter...

C30HEZ
C3HE
Cl3H28
C23H48
C3HE

EI 6.
7

Close icon
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Repeat steps #2 to #4 to add the following components:

e i-C4
« n-C4
e i-Cb
e« n-C5
« C6

e C7

Click the Close icon to close the Fluid Package view.

Save the case as 5ProductDistillation. DISTIL will save the file with
* hcd extension.
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54 Insfalling Column Sequencing

Now that you have specified the fluid package for the simulation, you
are ready to use the Column Sequencing (CS) operation.

%Ii 1. Click the Separation Technology Manager icon to open the
Separation Manager view.

Separation Technology .
Manager icon F'QUfe 5.6

p¥ Separation Manager =17}
SimpleColumn

ThreeProductSystem

ComplexColumn

ColumnS equencing

Chowtinies ) add | wiew | ek |

2. Inthe left list of the Separation Manager view, select
ColumnSequencing.

3. Click the Add button, and Column Sequencing (CS) property view
will appear.

The name of the CS operation DISTIL automatically names the CS operation CS1.
will appear in the right list of

the Separation Manager view.
Figure 5.7
b,l:olumn Sequencing: 2051 !Ii[ E
Miewer ————————— Input Summar Output Surmmar
M x 1] Property Package: Mo Package 5 Best Designs Selected from 0 Patential Design
= 2C51 Performance of Best Design [Design 11—
*- Seenario 1 Fead @ —n Calumns:
— —=—
% | DiFedles Total Annual Cost
Capital Cost
Synthesis l— Ve Operating Cost
Objective Total Annualized Cost Bl '@: perating Cos
Setup Fluid Package Companent | Selected |
FlidPookoss | ——]

Options

Property Package

IN o0 Package =%

31

_—
Selupl S pecifications I Products ITask I Perfoimance I Motes |

[ miimum companerts are needed ] F oL @
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The status bar will also
display an error message if
there are any problems during
calculations.

¥ Columin Sequencing: 2051 =]
Wiewer Input Summary Output Summary
M X [+ Property Package:  Peng-Robinsonddeal Gas 5 Best Designs Selected from 0 Potential Design
=- ZC51 Performance of Best Design [Design 1}
Scenario 1 Fezd] | Columns:
|
[7 Camps) | 0 Products Total Annual Cost
Capital Cost
S%T:;:i'; Total Annudlized Cost 4 Operating Cast
Setup Fluid Package Component — | Gelected |
Fluid Package = i-C4
Options nC4
(HCE
nCh
Property Package CE
Feng-Robinson-ldeal Gas £7 e
t Setup | Specifications J Products J Task | Performance J MNotes
Input feed pressure or temperature RENE N [%o ]

The CS view is a project view. Refer to Section 2.3.5 - Project View in
the User Guide for more information about project views.

The status bar at the bottom of the CS view indicates the status of the
operation. If you have not specified the required information, the status
bar will display a request for the missing information.

When the CS operation is first added, DISTIL automatically creates a
blank scenario called Scenario 1, as shown in the Viewer pane. The

Scenario 1 level is where you specify the conditions and properties of
the feed and product streams, and the characteristics of the scenario.

541 Specifuing the Feed Stream Condifions

In this section you will specify the feed stream:

1. Inthe Worksheet pane, click the Setup tab, then select the Fluid
Package page.

2. On the Fluid Package page, use the Fluid Package drop-down list to
select the fluid package for the simulation.
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Click the Specifications tab, then select the Feed page.
In the Pressure field, enter 5 bar.
In the Molar Flow Rate field, enter 100 kgmole/hr.

In the Composition table, specify the composition of the feed
stream as shown in the figure below:

2B

S pecifications LComposition Basiz: Male
Feed Temperature [C] E7.00 Camponent Composition
Spits Pressure [bar] 5.000 C3 0.0500

Guality Il 1.000 i-C4 01500
‘Wapour Fraction 0.0000 n-C4 0.2500

i-CB 0.2000
talar Flow Fate [kgmale/h] 100.0 n-CH 0.2000
fdass Flow Rate [kg/h] E794 CE 01000
Ligval Flow Rate [m3/h] 1111 C7 0.0500

"= Setup Specifications | Products JTask Perfoimance JNotes

Select number of products RENE TN [%o 3

542 Specify Product Streams Condifions

In this section, you will specify the product streams:
1. Click the Splits page.
2. Inthe No of Product field, type 5 and press ENTER.

Refer to Section 5.3.3 - 3. Select the light and heavy key components for each product stream

Specification of Three : . .
Product System in the as shown in the figure below:

Reference Guide for more

information about light and Figure 5.10

heavy keys.
T Products Split Keys
Specifications -
Foed No. of Products 5 Light Keys Heavy Key
ee Splita /B 3 iC4
Splits Feed SpitE /T iC4 nC4
L3 4 Ewgw:g SpitC 4D 4 iC5
- Toduc
= | (el || [smore] s
o5 | = e% || Product D
05 3 Product E
ce
r7 Tl

"= Setup Specifications | Praducts JTask Perfoimance JNotes

Ready to calculate REIETE [%o "
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Recovery Matrix icon

L0d

Overall Mass Balance icon

L

Press to generate feasible
column sequences icon
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4. Click the Recovery Matrix icon to view the percentage split of the
components in each product stream. Close the view when you are
finished

Figure 5.11

Scenario 1 - Becovery Matrix =]
E [ 8 [ ¢t [ 0 [ E ]|

B8] 05500 0.0500 0.0000 0.0000 0.0000

C4 0.0500 0.5000 0.0500 0.0000 0.0000

nC4 0.0000 0.0500 0.5000 0.0500 0.0000

CH 0.0000 0.0000 0.0500 0.3000 0.0500

nCh 0.0000 0.0000 0.0000 0.0500 05500

C& 0.0000 0.0000 0.0000 0.0000 1.0000

c7 0.0000 0.0000 0.0000 0.0000 1.0000

o

Click the Overall Mass Balance icon to see the flow rate of each
components and the product streams. Close the view when you are
finished.

Figure 5.12
b’Scenario 1 - Mass Balance !E E
Basis: Male
A B C 8] E
C3 [0.BE3E 0.0E7 0.0000 0.0000 0.0000
o] 0.1364 0.3000 0.0309 0.0000 0.0000
n-C4 0.0000 0.0333 03272 00617 0.0000
iLh 0.0000 0.0000 noa1z 0.8889 0.0286
n-C5 0.0000 0.0000 0.0000 0.0434 0.5423
CE 0.0000 0.0000 0.0000 0.0000 0.2857
C7 0.0000 0.0000 0.0000 0.0000 01423
Flow Rates [kgmoledh 5.500 15.00 2428 20.25 35.00
Maszs FlowRate [ka/h] 2531 g68.4 1424 1444 2806
Lighol Flowrates [m3/h] 0.4310 1.543 2436 2322 4.323

Now that all the required information for the feed and product streams
have been specified, the status bar at the bottom of the CS view
indicates that the operation is ready to generate the feasible column
sequencing designs.

The Press to generate feasible column sequences icon will become
available. This icon activates the Column Sequencing calculations and
feasible column sequences/designs are generated based on the
calculation results. The generated feasible designs, however, will have
no relation to the scenarios/limitations in your plant.
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55 Generafing Grass Roof Scenarios

As mentioned in Section 5.1 - Introduction, this tutorial will consider
four scenarios. The first three are user-constructed, and the fourth
retrofits an existing design.

5.5.1 Columns with Constant Pressure

The first scenario considers the effect of a constant operating pressure
of five bars for all the columns in the possible/feasible column sequence
designs.

You already set a constant pressure for the columns when you specified

the pressure of the feed stream (i.e., 5 bars).

1. Rename the Scenario by selecting Scenario 1 in the Viewer group,
and right-clicking to open the Object Inspect menu.

2. Select the Rename Scenario command from the Object Inspect
menu. The Rename view appears.

»¥ Rename

New Mame |

Enter Constant Pressure in the New Name field, then press ENTER.

The Options page allows you 4. In the Worksheet pane, click the Setup tab, then select the Options
to specify/change the page

conditions/limitations and ’

assumptions used to generate
the feasible designs.

5-11
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The defaul settings in the Options page are correct for this scenario.

Figure 5.14

The objective Limits the number of designs listed/kept at the top five best designs.
function for
designing the

Parameters E conomics Accept tazk for optimization anly if its

Setup

column sequences Fluid Pack Recovery Fraction ||| 0.9500

is the Total uid Package R/Rimin 1.100 LUtility D atabase [~ Condenzor Temperature is between
Options Mo. of Designs [ ‘20_0 T TE00C

Annualized Cost
LCapital Cost

(TAC) \fbiective Functior
Total innualized Cost = Shaftwark Model ™ Beboiler Temperature is between

and

|2D.U C and [PODOC
[T Mon-condensable Light Product [~ Disable Azeotrope Check
_=Selup Specifications J Products JTask Performance JNDtes
Ready to calculate LERE N [%o >

5. Inthe Main pane, click the Press to generate feasible column
sequences icon to begin generating feasible designs.

Figure 5.15

Input Summar Output Summar
Press to Property Package: Peng-Robinsonddeal Gas 5 Best Desighs Selected from 14 Paotential Design
= Performance of Best Design [Design 1}
gen(f_‘rate Feed | Colurnres:
feaISIbIe [7 Comps] {% I alFieelEs Total &nnual Cost
column Capital Cost
_Sequences Synthesis = I i
icon Objective Total Annualized Cost 3 0, Operating Cost

benerafed Feasible Designs

‘EW; The Column Sequencing (CS) operation will generate possible feasible
3 '3
=] designs and list the feasible designs in the Viewer group.
=] Constant Pressure

Design 1
Desin2 The Viewer group will contain maximum five possible designs under the
pedan Constant Pressure scenario, as specified in the Options page. The
Design 5

designs are also arranged in ascending order of the TAC (i.e., the design

. costing the least amount of TAC is first).
Viewer group

5-12
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Viewing Summary Information

To obtain summary information of every design in the scenario, do the
following:

1. Select the Constant Pressure scenario in the Viewer group.
2. Inthe Worksheet pane, click the Performance tab.

Figure 5.16

Total Cost | Operating Cost | Capital Cost | Reboiler Vapour | Reboiler Duty | Total Shaft Work,

Design | Mo. of Columing

[$/pears™] [§/years™] [$1 [kamoleh] [tk Calibe®] | [MMKCalhr]
Design 1 4| 9062e+005 | 2338e+005 | 3.523=+006 518.0 3.030 0.0000
Design 2 4| 0085e+005 | 2277e+005 | 3.573=+006 507.6 2942 0.0000
Design 3 4] 9111e+008 | 2179e+005 |  3.628s+006 457.0 2810 0.0000
Design 4 4] 9116e+005 | 214Be+005 | 3.658=+006 4551 2780 0.0000
Design & 4] 91734005 | 2102e+005 |  3.711e+006 487.0 2734 0.0000

. Setup I Specifications I Products ITask Pel[mmancel Notes |

T P T [

The Performance tab contains a table that lists the following
information on each design: name, number of columns, total
annualized cost, operating cost/year, capital cost, reboiler vapour flow
rate, reboiler duty, and total shaft work.
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Viewing Detailed Design Information

To view detailed information for the optimum design, do the following:

1. Select the Constant Pressure design in the Viewer group.
The Main pane will display the Process Flow Diagram of the selected

%* Column Sequencing: Design 1 [_ (O] %]
~Distillation Column Sequenc
Design 1 —
Eramz
Flowi= 5.5 Kgmoiem Sieam +
- Flow = 15 lgmoiem
G n 1350 3= DOisaT =rean 5
=0 FIoH = 24 25 igmoiem
Sheam 1 15 = 0 ca.o
i —— rose 0 16 4 IED
Yo G0 G 4= 05ZTE
oty at-n - 168 e OOaize
ey - - eeen Sheam 2
G5=02 -
Flow = 20 26 kgmciehy
S = 02 Column 1 cT=0 c3=0
c5=01 M 1G4=0
o7 - 0 Seam3 e+ = ODG1T3 ]
Flowim S4.5 igmaled Golumn 3 1¢5= 0220
£ 002G riS - DIMECE
104 DLISE c&-0
e 4 02565 -0
5= 02115
rrGS= 02116 Sream 7 Sheam &
CE= 01058 Flows = 5526 igmaieh ColUmn 4 flow - 35 kgmaieh
C7 = 00521 c3-0 ¢3-0
124-0 1£v-0
e v w OIZZER re4-0
1G5 D3E 1c6 - Dmzme
oS- 032 o - DS
6 D121 G- 027
7 « OIEOS o7 - 0=
| [ i
+ - p

2. Inthe Worksheet pane, click the Streams tab. This tab contains the
information for all the streams in the selected column sequence

design.

Figure 5.18
Streams Marme Streamn 2 Strearn 4 Strearn B Strearn 8 Streamn 9
‘apour Fraction 0.0000 0.0000 0.0000 0.0000 0.0000
Products Pressune [bar] 5.000 5.000 5.000 5.000 5.000
Intermediates Temperature [C] 5.010 42.76 55.83 §7.40 114.0
Flow Rate [Malar 5.500 15.00 24.25 20.25 35.00

Feed Meet Specs
All [oec] 08636 00167 0.0000 0.0000 0.0000
iC4 0.1364 03000 0.0309 0.0000 0.0000
n-C4 0.0000 0.0833 0.9278 0.0617 0.0000
(18] 0.0000 0.0000 00412 0.8333 0.0286
n-Ch 0.0000 0.0000 0.0000 0.0434 0.5423
CE 0.0000 0.0000 0.0000 0.0000 0.2857
c7 0.0000 0.0000 0.0000 0.0000 01423
Streams | Columns | Notes
ﬁ (r3
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3. Inthe Worksheet pane, click the Columns tab. This tab contains
information for all the columns in the selected column sequence

design.
Figure 5.19
Mame Calumn 1 Column 2 Colurn 3 Column 4
Pressure [bar] 5.000 5.000 5.000 5.000
Feed Stream 1 Stream 3 Stream & Stream 7
Top Product Stream 2 Stream 4 Stream B Stream 8
Bottom Product Stream 3 Stream 5 Stream 7 Stream 9
Reboiler Utiity Mame LP Steam LP Steam LP Steam LP Steam
Condenser Utility Mame Fefrigerant 1 Coaling ' ater Air Air
Capital Cost [$ 5.004e-+005 8,701 e+005 5.732e+005 1.585e+005
Operating Cost [$*/years 3.260e+004 E.895e+004 3.159e+004 1.007e+005
Total Cost [$7/pears™] 1.279e+005 2.347e+005 1.405e+005 4.027e+005
Condenser Duty [MMECH 0.1639 0.7330 03813 1.269
Reboiler Duty MdkCal/| 0.2233 0.3074 04536 1.446
Min Feflux Ratio 5.7216 8.8322 20175 98257
Reflux R atio £.2338 9.7154 22193 10.8083
Rebail R atio 0.4245 20218 1.4130 58313
Diameter [m] 0593 1.008 0.751 1.248
Height [m] 13582 34,309 16.021 53206
Mo of Traps 18 B2 22 a3
Feed Tray Mo E 21 11 40
Shaftwiork [MMEkCal/hr] 0.0000 0.0000 0.0000 0.0000
~ Steams_ Columns I Notes
ﬁ (*3

E | 4. Click the Save Case icon to save the case.

From the column sequence in Figure 5.17, the optimum sequence
performs a A/BCDE split first and moves the difficult split (D/E) until the
end of the column sequence.

Save Case icon
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5.5.2 Columns with Consfant Top Temperafure

The second scenario considers a constant top temperature of 35°C for
all the columns in the column sequence designs. By limiting the top
temperature for all columns to a specific value, the generated design will
use only one type of utility to cool/condense the vapours in the column.
For this scenario, the cooling utility for the condensers in all the column
is limited to cooling water.

Cloning the Constant Pressure Scenario

Rather than re-specify all the information regarding the feed and
product stream, you can save time by cloning the Constant Pressure
scenario.

1. Select Constant Pressure in the Viewer group.

2. Do one of the following:

* Right-click on the Constant Pressure scenario to open the
Object Inspect menu and select the Clone Scenario command.
E| * Click the Clone Scenario/Design icon.

Clone Scenario/Design icon The Clone view will appear.

»* Clone E
New Name: I

3. Inthe New Name field, enter Constant Top T, then press ENTER.

"gwex X 4. The clone operation will clone the Constant Pressure scenario and

S all designs within the scenario.
[ Constant Pressure

- Design 1

- Design 2

- Design 3

- Design 4

- Design §

[=1- Canstant Top T

- Design 1

- Design 2

- Design 3

- Design 4

- Design §

Viewer group
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Limifing Desiqns fo Consfant Top Temperafure

Now that you have a clone of the Constant Pressure scenario, you can
lock/fix the top temperature value for all the columns and re-generate/
calculate possible column sequence designs.

1. Select the Constant Top T in the Viewer group.
2. Click the Task tab, then select the Classification page.

3. Inthe Number of Instances field, enter 1 to indicate only one
variable will be specified/modified.

This view informs you that 4. A warning view will appear.
since the conditions of the
selected scenario have
changed, any designs in the
selected scenario will be

deleted.

This will change the state of some aptions embedded in the superstructure. So all the designs will be deleted
Are pou sure pau want ta proceed?

5. Click the Yes button to confirm that you want to delete the old
designs. The warning view will automatically close.

6. In the Task classification based on group, select the Instance
Conditions radio button.

7. In the Instances group, enter 35°C in the cell under the Top
Temperature column.

8. Click the Populate Task Operating Conditions button to place 35°C
in all the possible column splits.

9. Click the Pressure/Temp page and confirm that any columns
generated will have the top temperature value of 35°C.

Figure 5.22

Task Task Mame AJBCDE || AB/CDE | ABC/DE | ABCD/E | AJBCD | AB/CD | ABC/D | B/CDE | B
Instance 1 1 1 1 1 1 1 1
Classification Accept task
Assels e
o . Pressure [bar] -
. EMP | 1Top Temp [C] 3500 3500 9500| 23500 3500 3500| 2500 3500 iy
Reflus Buattom Temp [C] =t
Retrafit
St Op. Pressure [bar] 3 5
Calculation status @ i) [l i) [l @ ] ]
KN 2
Setup I S pecifications I Products Taskl Perfoimance I Hotes |
| Fieady to calculate ‘@: B{’ ]
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L

Press to generate feasible
column sequences icon

The designs are once again
sorted in ascending order of
the objective function value,
with the optimum design as
the very first design.

5-18

The other assumptions/conditions like Total Annualized Cost (TAC) for
the objective function remains the same, so the Constant Top T scenario
is ready to generate possible column sequences based on the new
conditions/limitations.

10. Click the Press to generate feasible column sequences icon in the
Main pane to begin calculation for the new designs.

Generated Feasible Designs

The new designs based on the limitation that all columns had to use
cooling water in the condenser are listed under the Constant Top T
scenario.

At the Scenario level, the Performance tab displays summary
information of every design in the scenario.

Figure 5.23

Total Cost | Operating Cost | Capital Cost | Reballer Wapour | Rebailer Duty | Tatal Shaft Wark

Design | No. of Calumns| 1402 | [g2/ears™] $] lkgmoleh] | [MMKCalthre] | [MMECalhr]

Design 1 3| 7303e+005 | 2083e+005 | 2.736e+006 511 2740 0.0000
Desion 2 4| 7.328e+005 | 1966e+005 | 2.813e+005 4365 2573 0.0000
Desian 3 4| 7.39e+05 | 1.3142+005 | 2.577e+005 4307 2,439 0.0000
Design 4 4| 7.784e+05 | 1.3942+005 | G.033e+005 4335 2611 0.0000
Design 5 4| 70014005 | 2120e+005 | 2.901e+005 4654 2,780 0.0000

] Setup I S pecifications I Products ITask Pel[olmancel Hotes |
e Ceeddtonsaesueessshd ] R

To view detailed information about the designs, select the design name
in the Viewer group, then click the Streams tab and Columns tab to view
the information.
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The Main pane displays the PFD for the selected design.

Figure 5.24

%! Column Sequencing: Design 1 =13
Distillation Calumn 5 equenc
Design 1 —
2
Flow = £5 hgmok i 1‘5 "
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CT-0ms Siean 3 +Ci- 105173
Fiow = S5 kgmoksd Smean s HO5 - D
3= OIS Fiow = 795 bamakd 5= I0KEH
HC 4= 0IR c3=n ce=
vCi- O G- DIBEN ci=n
H5= 02116 L= 02
L5 = 02115 o5 - 02516 Steam 7 Steams
£e-pibs Les=0st Eb= S5 25hgmokss CONMmY & Flw= 35kgmokA
- DM -0 - c3-0
7 - 0DEzE HC4-0 HCd=0
-G 0022 =0
o5 = 0343 HCS = 00757
V-5 = 062 5= 0562
CE= 0151 =035
C7 = 0E0 CT=0142
4 | Ak
+ = 3

The Streams tab, in the Worksheet pane, contains the information
regarding all the streams in the selected column sequence design.

Figure 5.25

Shreams Hame Shigam 2 Stream 4 Stream B Shream 8 Strezam 8
‘apour Fraction 0.0000 0.0000 0.0000 0.0000 0.0000
Products Pressuie [bar] 9153 4130 2963 1.324 1.324
Intermediates Temperature [C] 3485 3485 34.85 34.85 57.73
Flow Rate [Maolar 5.500 15.00 24.25 20.25 35.00

Feed Meet Specs
All [0ec] 0.8636 00167 0.0000 0.0000 0.0000
iC4 0.1364 0.3000 0.0303 0.0000 0.0000
nC4 0.0000 00333 0.9273 0.0617 0.0000
Ch 0.0000 0.0000 00412 0.8285 0.0286
nLh 0.0000 0.0000 0.0000 0.0454 0.5429
CE 0.0000 0.0000 0.0000 0.0000 0.2857
c7 0.0000 0.0000 0.0000 0.0000 01423

Streams | Columns | Notes
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=l

Save Case icon
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Generating Grass Root Scenarios

The Columns tab, in the Worksheet pane, contains information for all
the columns in the selected column sequence design.

Figure 5.26

Marne LColurnh 1 Calurnn 2 Colurnn 3 Calurnn 4
Prezzure [bar] 9153 4130 2.963 1.324
Feed Stream 1 Stream 3 Stream 5 Stream 7
Top Product Stream 2 Stream 4 Stream B Stream 8
Bottom Product Stream 3 Stream 5 Stream 7 Stream 9
Reboiler Utlity Mame LP Steam LP Steam LP Steam LP Steam
Condenser Utility Mame Cooling Water | Caoling Water | Cooling Water | Coaling w/ater
Capital Cost [$* 4.562e+005 8.396e+005 5 043e+005 3 366e+005
Operating Cost [$7/years 1.851e+004 E.711e+004 3.339e+004 8.959e+004
Total Cost [$°/years™] 1.054e+005 2.271e+005 1.295e+005 2.684e+005
Condenser Duty [MikC4 01548 0.7226 036353 1.043
Rebailer Duty [MbdkCal/| 0.2452 08523 04382 1173
Min Reflus Ratio E.2463 84345 1.7968 7.07E2
Reflux R atio 7.h3E 9.2780 1.9765 77838
Reboil R atio 0.4965 1.9392 1.3064 50821
Diameter [m] 0.E19 1.008 0.762 1.286
Height [m] 15.411 32,480 14.802 36.747
Mo of Traps 21 43 20 56
Feed Tray No 7 20 10 27
Shaftw/ork [MMkCal/he] 0.0000 0.0000 0.0000 0.0000
Streamz _ Columns I Notes
ﬁ [r3

11. Click the Save Case icon to save the case.

From the column sequence in Figure 5.24, the optimum sequence
performs a A/BCDE split first and keeps the difficult split (D/E) until the
end of the column sequence.
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§.5.5 Optimum Top Temperature

The third scenario considers three possible top temperature values
(20°C, 30°C, and 40°C) and allows DISTIL to select the optimum
temperature value (one of the three temperatures) for each column in
the design.

Cloning Consfant Top T Scenario

The third scenario will be cloned from the Constant Top T scenario.
1. Select Constant Top T in the Viewer group.
2. Do one of the following:

E| e Click the Clone Scenario/Design icon.
« Right-click the Constant Top T scenario name to open the Object
Clone Scenario/Design icon Inspect menu, then select the Clone Scenario command.

3. The Clone view will appear.

Mew Mame: I
Miewer
% In the Name field, enter Optimum Top T, then press ENTER.
& ponsart ?'j;s;"e 5. The clone operation will clone Constant Top T and the designs
- Design within the scenario.

- Design 2
- Design 3
- Design 4

e Finding the Optimum Top Temperafure

- Design 3

Desind Now that you have cloned the Constant Top T scenario, you can specify
= the three possible top temperature values for the columns and allow
Viewer group DISTIL to calculate and generate new column sequence designs with

optimum top temperatures.
1. Select Optimum Top T in the Viewer group.
2. Click the Task tab, then select the Classification page.

3. In the Number of Instances field, enter 3 to indicate that three
variables will be specified/modified.
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.

Press to generate feasible
column sequences icon

5-22

A warning view will appear.

The warning view informs you that since the conditions of the
selected scenario have changed, any designs in the selected
scenario will be deleted.

Click the Yes button to confirm that you want to delete the old
designs. The warning view will automatically close.

In the Task classification based on group, select the Instance
Conditions radio button.

In the Instances table, enter 20°C, 30°C, and 40°C in the cells under
the Top Temperature column.

In the Instances group, click the Populate Task Operating
Conditions button to place the three temperatures in all the
possible column splits.

Click the Pressure/Temp page and confirm that any columns
generated will have one of the three specified top temperature
values.

Figure 5.28

Task Task Mame A/BCDE || A/BCDE | A/BCDE | AB/CDE | AB/CDE | AB/CDE | ABC/DE | ABC/DE | AF
Instance 1 2 3 1 2 3 1 2

Assels

P

Classification Accept task

Fressure [bar]

F
Reflux

Retrafi

i

d=nt Top Temp [C] 20.00 30.00 40.00 20.00 30.00 40.00 20.00 30.00
Battom Temp [C]

it

xxx
11

Op. Pressure [bar]
Calculation status @ i) [l i) [l @ ] ]

KIS il

Setupl S pecifications I Products Taskl Perfoimance INotes]

Fieady to calculate ‘@: B{’ "3

The other assumptions/conditions like Total Annualized Cost (TAC) for

th
sC

e objective function remains the same, so the Optimum Top T
enario is ready to generate possible column sequences based on the

new conditions/limitations.

10. Click the Press to generate feasible column sequences icon in the

Main pane to begin calculation for the new designs.
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Generafed Feasible Designs

The designs are sorted in The new designs based on the limitation that all columns had to use
ascending order of the . . .

objective function value, with coohng water in the condenser are listed under the Constant Top T
the optimum design as the scenario.

very first design.

The Performance tab at the Scenario level contains summary
information for every design.

Figure 5.29

Total Cost | Operating Cost | Capital Cost | Reboiler Wapour | Feboiler Duty | Total Shaft ‘work

Design | Mo. of Columns

[$*/years™] [$*/years™] [#] [kamoleh] [MikCalhr] | [MMECalihe]
Design 1 4| FA21e+005 | 2.063e+005 | 2 ER5e+008 4448 2705 0.0000
Diesign 2 4 FAa1e+005 | 2067e+005 | 2 BRSe+008 4420 28597 0.0000
Design 3 4| FA51e+005 | 2057e+005 | 2E73e+008 4419 2E98 0.0000
Design 4 4 | 7.157e+005 2.086e+005 2.661e+006 4529 2737 0.0000
Design § 4| TA71e+005 | 2051e+005 | 2 687e+006 439.2 2683 0.0000

Setup I Specifications I Products ITask Pel[olmancel Hotes |

T P T

To view detail information about the designs, select the design name in
the Viewer group, then click the Streams tab and Columns tab to view
the information.
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The Main pane will display the PFD of the selected design.

Figure 5.30
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The Streams tab, in the Worksheet pane, contains the information for all
the streams in the selected column sequence design.

Figure 5.31

Shreams Hame Shigam 2 Stream 4 Stream B Shream 8 Strezam 8
‘apour Fraction 0.0000 0.0000 0.0000 0.0000 0.0000
Products Pressuie [bar] 1013 3635 3385 113 113
Intermediates Temperature [C] 3385 2985 39.85 2385 5238
Flow Rate [Maolar 5.500 15.00 24.25 20.25 35.00

Feed Meet Specs
All [0ec] 0.8636 00167 0.0000 0.0000 0.0000
iC4 0.1364 0.3000 0.0303 0.0000 0.0000
nC4 0.0000 00333 0.9273 0.0617 0.0000
Ch 0.0000 0.0000 00412 0.8285 0.0286
nLh 0.0000 0.0000 0.0000 0.0454 0.5429
CE 0.0000 0.0000 0.0000 0.0000 0.2857
c7 0.0000 0.0000 0.0000 0.0000 01423

Streams | Columnz | Notes
ﬁ (r3
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The Columns tab, in the Worksheet pane, contains the information for
all the columns in the selected column sequence design.

Figure 5.32

Mame Column 1 Column 2 Column 3 Column 4
Freszure [bar] 1013 3635 3.385 1131
Feed Strearn 1 Strearn 3 Strearn & Strearn 7
Top Product Stream 2 Stream 4 Stream & Stream 8
Bottom Product Stream 3 Stream 5 Stream 7 Stream 9
Feboiler Utiity Mame LP Steam LP Steam LP Steam LP Steam
Condenzer Utility Mame Cooling Water | Cooling \Water | Cooling 'Water | Coaling " ater
Capital Cost [$ 4.399e+005 8.257e+005 4.879e+005 5.999e+005
Operating Cost [$*/years 1.878e+004 E.592e+004 3.370e+004 8.758e+004
Total Cost [$*/pears™] 1.026e+005 2.238e+005 1.267e+005 2 534e+005
Condenger Duty [MMECA 01573 07113 03726 1.027
Reboiler Duty [MbdkCal/| 0.2438 0.8670 04422 1.147
Min Feflux Ratio 7.0864 41302 1.8482 £.5446
Reflux R atio 7.7950 9.0092 2031 7.5280
Reboil R atio 05119 1.8885 1.3313 49346
Diameter [m] 0E27 1.009 0.758 1.300
Height [m] 15.411 31261 14.802 35528
Mo of Traps 21 47 20 54
Feed Tray Mo 7 19 10 26
Shaftwiork [MMkCal/hr] 0.0000 0.0000 0.0000 0.0000
"~ Steams_ Columns I Notes
ﬁ (F3

E 11. Click the Save Case icon to save the case.

Save Case icon
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Comparing Grass Root Designs

56 Comparing Grass Root Designs

Before examining the fourth scenario, retrofitted designs, you will
compare the best design from each previous scenario and select the

column sequence design that best suits your plant.

1. Select the Constant Pressure scenario name in the Viewer group.
In the Main pane, the Output Summary group displays the summary
cost of the best design in the scenario (first design).

2. Click the scenario name for the other two scenarios you created.
The figure below displays the Main pane for all three scenarios.

Figure 5.33

Input Summary Output Summéry ) ) Constant
Property Package: Peng-Robinson-deal Gas 5 Best Designs Selected from 14 Potential Design p
Performance of Best Design [Design 1} ressure
Feed @ - Columns:
[
[7 Camps] - ELEEE Total Anhual Cost 8.062e+005 $/vears™
Capital Cost 2.529:+006 $*
Synthesis Toldl Arrualized Cost. 95 4] Operating Cost 2.338e+005 $*/yeary™
Objective
|nput Summary Output Summéw ) ) Constant
Property Package: Peng-Robinson-ldeal Gas 5 Best Desions Selected from 14 Potential Desion Too T
Performance of Best Design [Design 1} p
Feed @ - Columns:
— =
[7 Comps) |- ElEstel Total dnnual Cost 7.303e+005 $/pears™
Capital Cost 2 73Re+00E $*
gi?;t‘:ii: Tolal Anrualized Cost 42 0L Operating Cost 2.089e+005 $*/vears™
Imput Summary Output Summéry ) Optlmum
Property Package: Peng-Robinson-ldeal Gas 5 Best Designs Selected from 1134 Potential TOp T

Feed
[7 Comps]

@

—=- Calurming:
[ 5 Products
=

Obijective

Performance of Best Design [Design 1}

Total Annual Cost 7.1 21e+005 $7/years™
Capital Cost 2 B55e+006 $°
Syrthesis o aired Cost. 95 0] Operating Cost  2.063=+005 $*Ayears™

The following table lists and compares the total annualized cost (TAC) of

the best design from each of the three scenarios:

Scenario ‘ Rank ‘ TAC ($lyear) ‘ Relative (%)
Constant Pressure 3 9.062*10° 100
Constant Top T 2 7.303*10° 80.6
Optimum Top T 1 7.121*10° 78.6
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5.7 Generafing a Refrofif Scenario

The last scenario we will examine is retrofitting an existing separation
system. As mentioned in Section 5.1 - Introduction, the existing
separation system contains four columns with the following number of
trays: 20, 65, 30, and 75.

5.7.1 Cloning an Existing Scenario

The forth scenario will be cloned from the Constant Top T scenario.
1. Select Constant Top T in the Viewer group.
2. Do one of the following:

E| e Click the Clone Scenario/Design icon.
« Right-click the Constant Top T scenario name to open the Object
Clone Scenario/Design icon Inspect menu, then select the Clone Scenario command.

The Clone view will appear.
In the New Name field, enter Retrofit, then press ENTER.

’\gwg}—b 5. The clone operation will clone Constant Top T and the designs
G within the scenario.
[ Constant Pressure
[+ Constant Top T
ey i
5.7.2 Remove Temperafure Constraints
DasignE
Bt Now that you have a clone of the Constant Top T scenario, you can

specify the number of columns and trays allowed in the retrofit designs.
Before specifying the limited number of trays, you must remove the
temperature constraints on the top column temperature.

Viewer group

1. Select Retrofit in the Viewer group.
2. Inthe Worksheet pane, click the Task tab, then select the
Classification page.

3. Inthe Number of Instances field, enter 1 to clear the value in the
Instances group.

The warning view informsyou 4, A warning view will appear.

that since the conditions of

the selected scenario have 5. Click the Yes button to confirm that you want to delete the old
changed, any designs in the designs. The warning view will automatically close.

selected scenario will be

deleted.
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Generating a Retrofit Scenario

5.1.3 Specify the Existing Number of Trays

The objective function of the retrofit scenario is operating cost, not total
annualized cost (TAC). TAC takes into account both operating and
capital cost, but since you do not have capital expense (the hardware is
already there) you want to focus on reducing the operating cost.

1. Click the Setup tab, then select the Options page.

2. In the Objective Function group, select Operating Cost from the
drop-down list.

Click the Task tab, then select the Assets page.

Enter the information shown in the picture below, and check all the
checkboxes under the Fix Tray column.

Figure 5.34

Task Split Group Instance Fiw Tray Target Tray

-&/B-- 1 Vv 20.00

Classification _B/C- 1 W E5.00

Assets ~C/D- 1 v 30.00
-0/E- 1 ¥ ] 75.00

Piessure/Temp [

Reflux

Retrafit

Populate Column Retrafit Information

"~ Setup |_Speciications JProducts Task | Perfoimance JNotes
Ready to caleulate 5 [%o o

5. Click the Populate Column Retrofit Information button.

6. Select the Retrofit page and confirm that all possible splits contains
only one of the four possible tray numbers.

Figure 5.35

Task Task Name A/BCDE I AB/CDE | ABC/DE | ABCD/E | A/BCD | AB/CD | ABC/D | BACDE | B
Instance 1 1 1 1 1 1 1 1
Classification Accept task
Bssets E
5 i Adjust Trays W v I v 7 W 1 v ’
1RESLIES ] EMMD Target Trays 2000 6500 3000 7500 2000 G500 3000  EA00 S
Fieflux Minimum Trays *
Retrofit =
et R/Firin 100 1400| 1400 100 100 1.100| 1100 1.100 £=
Calculation status @ ] @ @ i @ ] ]
4] vl
] Setup | Specifications J Product: Task | Perfamance JNotes
Ready to calculate B L [%“ "
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.

Press to generate feasible
column sequences icon

The designs are once again
sorted in ascending order of
the objective function value,
with the optimum design as

the very first design.

7. Click the Press to generate feasible column sequences icon in the
Main pane to begin calculation for the new designs.

5.7.4 Generared Feasible Designs

The new designs based on the limitation that columns in the column
sequence design are from existing columns are listed under the Retrofit
scenario.

The Performance tab displays summary information for every design in
the scenario.

Figure 5.36

Total Cost | Operating Cost | Capital Cost | Reboiler Yapowr | Reboiler Duty | Total Shaft wiork.

Design | Mo. of Columing

[$/years™] [$/vears™] [$7] [kamaleth] [MMkCalshr] [kbdkCal/hr]
Design 1 4| 1.04%e+006 |  1.934e+005 |  4.444e+008 4732 2.670 0.0000
Diesign 2 4| 1.063e+006 | 2018e+005 | 4.517e+008 481.5 2.683 0.0000
Diesign 3 4| 1.053e+006 | 2068e+005 |  4.4332+008 486.2 2.748 0.0000
Diesign 4 4| 1.017e+006 |  2086e+005 |  4.244e+008 4855 2.808 0.0000
Diesign 5 4 1.0 e+006 | 2097e+005 | 4.310e+008 4520 2742 0.0000

] Setup I S pecifications I Products ITask Pel[mmancel Notes |

T P TR

To view detail information about the designs, select the design name in
the Viewer group, then click the Streams tab and Column tab.
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0] Generating a Retrofit Scenario

The Main pane will display the PFD of the selected design.

Figure 5.37
%* Column Sequencing: Design 1 Hi=] E3
Distillation Calumn 5 egquenc
Stream B ||
Flow = 5.5 kgmoleh
Design 1 £3=0.8636
i-C4 = 0.1364
rC4=0
Stream < iCE=D
Flow = 20.5 kgmole/h nCE=0
3= 02430 sy
i-C4 = 06051 Cr=p
n-C4 = 006095
=0
A ream 7
neEsD Peor = 15 kgrnokeh
- Column 3 cs 0.01667
cT=0 o
n- c = D 08233
Stream 2 !
Flow = 65 kgmole/ C_ = U
3 = 007652 Ch=0
i-C4 = 0.2303 =0
-C4 = 0.3848 Stream

IS .
i-CA = 02023
n-C& = 001528
Ci

F\ow 24 24 kgmolefh.

G7=0 oo 0a0s =
| b
Celumn 2 FEs - 104124
ey’
Fiream =0
Flow = wn kgmole
3= 00 Stream &
iC4=0 15 F\ow 44 5 kgmeled ¥ Column 4
r-Cd = 0,25 - g
iC5=03 i
et N s Elgw - 0,25 kgmoe
CE=0.1 G5 = 0.427 a0
Er=0m8 08 = 002247 neCé = 0.08173
Stream 3 -0 i°c8 = 0.8889
N cr=o n-C5 = 0.04938
[ s
70
"
-C5 = 0.02857
n-C = 0.5429
06 = 0.2857
7= 01420
a1 [ e
+ - >

The Streams tab, in the Worksheet pane, contains the information for all
the streams in the selected column sequence design.

Figure 5.38

Streams Hame Shigam 3 Stream B Shream 7 Shream 8 Stream 8
“Wapour Fraction 0.0000 0.0000 0.0000 0.0000 0.0000
Products Fressune [bar] 5 000 5 000 5 000 5 000 5 000
Intermediates Temperature [C] 114.0 3.010 42.76 55.83 87.40
Flow Rate [Molar 35.00 5.500 15.00 24.25 20.25

Feed eet Specs
Al [ 0.0000 08636 0.01E7 0.0000 0.0000
T4 0.0000 01364 0.5000 0.0309 0.0000
nC4 0.0000 0.0000 0.0833 0.9278 0.0817
(18} 0.02865 0.0000 0.0000 0.0412 0.58889
n-Ch 0.5429 0.0000 0.0000 0.0000 0.0434
Ch 0.2857 0.0000 0.0000 0.0000 0.0000
c7 0.1429 0.0000 0.0000 0.0000 0.0000

Streams | Columns | Notes
ﬁ "4
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The Columns tab, in the Worksheet pane, contains the information for
all the columns in the selected column sequence design.

Figure 5.39

Mame Calumn 1 Column 2 Column 3 Column 4
Freszure [bar] 5.000 5.000 5.000 5.000
Feed Strearn 1 Strearn 2 Strearn 4 Strearn &
Top Product Stream 2 Stream 4 Stream & Stream 8
Bottom Product Stream 3 Stream 5 Stream 7 Stream 9
Feboiler Utiity Mame LP Steam LP Steam LP Steam LP Steam
Condenzer Utility Mame Ajr | Coaling ' ater Refrigerant 1 Air
Capital Cost [$ 1.411e+005 1.455e+005 8.774e+005 7.018e+005
Operating Cost [$*/years 1.099e+005 5.378e+004 1.317e+004 21474004
Total Cost [$*/pears™] 3.787e+005 3.310e+005 1.804e+005 1.552e+005
Condenger Duty [MMECA 1.378 0.6340 7.481e-002 02528
Reboiler Duty [MbdkCal/| 1579 0.7014 8.130e-002 03084
Min Feflux Ratio 2.5441 5.5308 20420 1.3605
Reflux R atio am#A 5.6608 22122 1.3875
Reboil R atio 74603 3.0685 11778 28581
Diameter [m] 1.303 0.875 0.320 0,539
Height [m] 47720 41624 14.192 20.288
Mo of Traps T4 64 19 29
Feed Tray Mo 40 28 a 16
Shaftwiork [MMkCal/hr] 0.0000 0.0000 0.0000 0.0000
Streamz  Columns I Notes
ﬁ [r3

E 8. Click the Save Case icon to save the case.

Save Case icon
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Comparing Grass Root and Retrofit

58 Comparing Grass Roof and
Refrofit Designs

Now that you have information for the best retrofit design, you can
compare the grass root scenarios with the retrofit scenario.

1. Select the Retrofit scenario in the Viewer group.
In the Main pane, the Output Summary group displays the summary
cost of the best design in the scenario (first design).
The figure below displays the Main pane for the selected scenario.

Figure 5.40

|nput Summary Output Summary

Property Package: Peng-Robinson-deal Gas 5 Best Desions Selected from 14 Potential Desion
Performance of Best Design [Design 1}

Columns:

Total Annual Cost  1.045e+008 $*/pears™

Capital Cost 4 444e+006 §*

Synthesis Dperating Cost 0% 401, Operating Cost 1.984e+005 $~/pears™

Objective

Feed ]
—

=
[ 5 Products
[7 Comps) =

2. Click the scenario name for the grass root scenarios you created.

The following table lists and compares the operating cost and capital
expense of the best design from each of the four scenarios.

Scenario Rank ‘ Operating Cost ($/year) Relative (%) Capital Cost ($)
Constant Pressure 4 2.338%10° 100 3.529+10°
Constant Top T 3 2.089*10° 89.3 2.736%10°
Optimum Top T 2 2.063*10° 88.2 2.655+10°6
Retrofit 1 1.984*10° 84.9 0

The Retrofit scenario ranked 1st in the operating cost and first for the
capital cost. The other three scenarios require a capital investment,
while the Retrofit scenario requires little or no capital investment.
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6-2 Introduction
This tutorial serves as an In this tutorial, you will use DISTIL to help you choose the best column

introduction to the DISTIL
Three Product System

operation.

configuration to remove benzene from gasoline in a refinery process.
The Clean Air Act states that “...benzene content in gasoline must be less
than 1% by volume...”

The benzene content in the gasoline exiting the Separation Train is
assumed to be 15%. One option is to separate the benzene and benzene
precursors from the gasoline, and send only the benzene and benzene
precursors into the Hydrogenation. In this case, a small amount of
hydrogen is required in the Hydrogenation.

Separate benzene and benzene precursors from gasoline

Light-end and

¥

New. Pentanes
Separation o6
. ) fi .
Catalytic Train LI |y drogenation
Reformer Gasoline

? Hydrogen {benzene <1%)

¥

Benzene free gasoline

6-2

There are many possible column designs for the above separation
system. DISTIL Three Product System (TPS) operation offers nine
different complex column designs from which you can check and
compare the designs to select the column configuration that meets your
requirements.
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The text in the Unit column of
the Display Units table are
black. This indicates that you
cannot modify the units
associated with the variables.

b.2 Seffing Unif Preferences

Before you begin the simulation, you will verify that the units currently

selected in the DISTIL preferences are the ones you want to use. For this

example, the temperatures are in Celsius and the cost per time is in

Cost/year.

1. Start DISTIL if it is not already open.

2. From the Tools menu, select Preferences. The Session Preferences
view appears.

3. Click the Variables tab, then select the Units page.

Figure 6.2

2 Session Preferences (CONCEPTS.PRF) EaE
Variabl —Avwvailable Unit 5 et
S Energy Integratian - Field - Clane |
Units Eneroy [ntegratian - 51 J
Farmats ﬂl
Field -
Unit Set Hame IEurDSI Wiew Wsers,. |
~Display Unit
Unit | Wigw .. |
“Yapour Fraction Unitless _I
Temperature [ A |
Pressure biar Delete |
Flow kagmolesh
Mazs Flow kath | x|
" General | Variables I Reports I Filas I Resources |
= =

4. Select SI from the Available Unit Sets group.

The SI unit set is a default unit set and you cannot modify the units
associated with the variables. You have to clone the default unit set, and
modify the cloned unit set. You will do this in the next section.
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Setting Unit Preferences

Cloning a Defaulr UniF Ser

To clone a default unit set:

=

Down arrow icon

=l

Save Preference File icon

Although you can overwrite
the default preference set
included with DISTIL, it is not
recommended.

6-4

In the Available Unit Sets group, select the SI unit set and click the
Clone button. A new unit set appears called New User.

In the Unit Set Name field, rename the New User unit set Cost in

In the Display Units table, scroll and find the Cost Index per Time

1.
2.
years - SL.
3.
cell.
4.

Click the down arrow in the Cost Index per Time cell, and select
Cost/year from the drop-down list.

Figure 6.3

: session Preferences (CONCEPTS.PRF) Bk
Variables —Avwvailable Unit 5 et
. Cost S| Clone |
Units Energy Inlegralion - E_uroSI =i
Formats Energy Integration - Field Delete |
Energy Integratian - 51 -
Unit Set Hame  |Cost in pears - 51 MI
~Display Unit
Unit [a] Wiew . |
Cost Index 1=
Cost Index per Time Costvear =1 Add |
Cost Index per Energy | Cost/s -
Diynarics Cv Coszt/min = D |
Dipnamics k - Turbulent | Cost/hr
Cost/da
" Genersl  Variables I Fieports I Files I FlesJ Dselnit
UKE=years® hd -
=] =

Repeat step #3 and #4 to change the Energy variable to kW.

Optional: At this point you can save the modified-cloned unit set in
a new preference file, which will allow you to use the modified-
cloned unit set in future cases.

To save the preference file, click the Save Preference File icon. On
the Save Preference File view, enter a file name and location, and
click the Save button.

Click the Close icon %] to close the Session Preferences view when
you have completed the unit set modification.
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b.5 Defining the Fluid Package

To use the Three Product System operation, you need to define a fluid
package containing the property package and components required to
simulate the feed stream entering the separation system.

1. Open the Fluid Package Manager view by clicking the Fluid Package

& Manager icon.
Fluid Package Manager icon .
g g Figure 6.4
’-’Fluid Package Manager M= B
Ayailable Fluid Packages Fluid Package Information
|
O & N & & &
Default Fluid Package
= El

D 2. Inthe Fluid Package Manager view, click the Add Fluid Package
icon.

The Fluid Package view will appear.

Figure 6.5

Fluid Package: Fluid1 JH[=] E3

Add Fluid Package icon

Model Selection todel Options

<none> - Property Options

Braun K10

HyspsPR

|deal Gas

Kabadi-Danner

Lee-Kesler-Plocker
SV

Peng-Robinson
Redlich-Kwang

SRK

Sour Peng-Robinson

Wirial
Zudkevitchafiee =
&+ Wapour ™ Liquid

_=P|opelly Package | Companents J Binary Coefficients J Flazh Cantral JNotes

X CAOnE-<nOnes o
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Defining the Fluid Package

b.3.1 Selecfing a Properfy Package

In the Fluid Package view, you will select the property package and
components associated with the fluid package.
1. In the Fluid Package view, click the Property Package tab.

2. Inthe Model Selection group, select the Vapour radio button, then
select Ideal Gas in the Model Selection list.

3. Inthe Model Selection group, select the Liquid radio button, then
select Peng-Robinson in the Model Selection list.

The status bar at the bottom of the Fluid Package view should display
Peng-Robinson-Ideal Gas as the selected property package, as shown in
the figure below:

Figure 6.6

Fluid Package: Fluid1 M=l E
~Model Selectior ~Model Dption:
HyspsPR ;I Property Options N
Ideal Salution E nthalpy Peng-F obinzon Enthalpy _I
Kabadi-Darner Entrapy Peng-Fobinzon Entropy
Igdee-Kes\er-Plnckel Cp Peng Fobinsan Cp
argules -
NETL Cw Peng-Robinson Cv
PRSY LnFugaciyCosft | Peng-Robinson L. Fugac
Peno-Hobinson LnFugacity | :ng-Robinson Ln. Fugacity
Redlich-Kwang MalarDensity | Feng-Robinson Malar Der
Fieqular Solution Malarvolume | Feng-Robinzon Malar Yall
gHK B Robi Vizcozity H5%'S Wizcogity
UDNT;:AEHLQI;ED inzon LI ThermalConductivity | "5%S Thermal Conductivity
L SurfaceTension |  HYSYS Surface Tension
© Yapour & Liguid Helmholtz | Peng-Robingon Helmholtz
|F‘eng-F|obinson EDS wusing mixing e #1 for all Gibbs | Pena-Rabinson Gibbs Ene LI
-
Property Package | Components I Binary Coefficients I Flash Control I Hotes |
X | Peng-Fobinson-ldeal Gas r3
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You can also press ENTER to

add the selected component

from the list into the Selected
Components group.

X

Close icon

b.3.2 Selecfing the Components

»

Click the Components tab.

In the Available Component List/Filter Options group, type benzene
in the Match field.

The list under the Match field will display all components that have
names with the word benzene in them.

Select Benzene from the list and click the Select button.
The component benzene will be added to the Selected Components
list.

Figure 6.7
Fluid Package: Fluid1 I9[=] E3
Selected Components: Available Component List/Filter O ptions
Benzene Database: | e ﬂ ¥ Shaow Synonyms

B Property Package Compunents| Binary Coefficients J Flash Contral JNotes

[~ Search by Eormula
[~ Use Family Filter

Match: |benzene|
Family Filter....

Benzene CEHE i‘

Eibenzens C12H10

Benzophenone C13H100

Eromobenzene CEHSEr

Bibenzylidens C14H12

Bibenzylidens ClaH12

Berzoylbenzens C13H100 j
| Select ‘ Edit... | Create.. | Clane... ‘

x Peng-Robinson-ldeal Gas 3

Repeat steps #2 to #3 to add the following components:

e Toluene

e i-Cb

e |-C4

e n-C4

« n-C5

e 2-MC5

« C6

e C7

e 124-M-BZ

« m-Xylene
Click the Notes tab. In the Name field, enter a name for the fluid
package (e.g., PR).

Click the Close icon to close the Fluid Package view.

6-7



6-8 Creating a Three Product System

Save Case icon

4

Separation Technology
Manager icon

The name of the TPS
operation will appear in the
right list of the Separation
Manager view.

6-8

7. Save the case as BenzeneRemoval. DISTIL will save the file with the
* hcd extension.

b4 Creafing a Three Product System

After specifying the fluid package for the simulation, you are ready to
use the Three Product System operation.

1. Click the Separation Technology Manager icon to open the
Separation Manager view.

Figure 6.8

p¥ Separation Manager =17}

SimpleColumn
ThreeProductSystem
ComplexColumn
ColumnS equencing

{Show Notes ‘

2. Inthe left list of the Separation Manager view, select
ThreeProductSystem.

3. Click the Add button. The TPS property view will appear.

DISTIL automatically names the TPS operation 3PS1.

Figure 6.9
¥ Thiee Pioduct Spstems: 3P51 [_ (O] x|
Setup Fluid Package
Fluid Package
Options Component | Selected |

th
Y

il

tSelup| Specifications J Performance JF’Iots Motes

X Select Fluid Filter o [E o,
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The status bar will also The status bar at the bottom of the TPS view indicates the status of the
display an error message if operation. If you have not specified the required information, the status
there are any problems during . . .. . .

calculations. bar will display a request for the missing information.

4. Click the Setup tab, then select the Fluid Package page.

5. On the Fluid Package page, use the Fluid Package drop-down list to
select the fluid package for the simulation.

Figure 6.10

¥ Thiee Product Systems: 3P51 [_[O] %]
Setup Ii\.uwd Package
Fluid Package Peng-Robinzon-deal Gas
Options Component ‘ Selected |
Benzens
Toluene
i-Ch
Cd
n-C4
n-ChH
2-MChH
CE
7 3
124-M-B2 -
mylens =
i Setup | Specifications J Performance J Flats | Motes
x Input feed composzition LERE [’oa >
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®

Molar Fraction Basis icon

6-10

64.1 Modifying Column Configurafions

In this tutorial, there are some limitations that need to be applied to the

complex columns design calculations.

1. On the Setup tab, select the Options page.

2. In the Configurations group, ensure that all the checkboxes are
checked.

3. Inthe Options group, check the Disable Azeotrope Check checkbox.
The following warning message will appear:

Figure 6.11

Concept

*f'ou have disabled the on-line azeatrope detection routine. This will allow you ta wark with 'silent" azeatropic
mixtures [i.e. mistures in which components forming azeotropes are kept untouched). |n this caze. vou need to be
extra careful while specifying products to obtain meaningful results.

4. Click the OK button.

5. Click the Molar Fraction Basis icon to open the Basis Selection view.
On the Basis Selection view, select the LiqVol Fraction radio button,
then click the Close icon Xl to close the Basis Selection view.

7. Inthe Options group, check the Use Cooling Water checkbox

8. In the Default Key Recovery field, enter 0.98.

The Options page should appear as shown in the figure below:

Figure 6.12

¥ Thiee Product Systems: 3P51 |_ (O] x|
Setup Configurations Parameters
T I Direct Sequence
uid Fackage W Indirect Sequence
05500
Options W Distributed Sequence Default Kep Recavery
I Side-Rectifier
W Side Stripper ;
W Prefractionatar Econamicz
I Partially Coupled Prefrac
I Petlyuk Calumn Uity Database
I Dividing ' all Column
Options Lapital Cost
I Di e Check
v llise Coding ‘Wates Shaftwork Modsl
[ Use All Partial Condenszers
t Setup | Specifications J Performance J Flots | Motes
x Input feed composition BER [& >
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If you modify any settings
other than the Current Year,
the calculated results in the
rest of this tutorial will differ
from what you see on your
screen.

X

Close icon

Modifuing Capifal Cost Calculation

In this section, you will modify the capital cost parameter values.

1. On the Setup tab, Options page, click the Capital Cost button in the
Economics group.
The Capital Cost view will appear:

Figure 6.13

r’ Capital Cost H=l
Econamic Info
Interest Rate [i] |_| 8.000e-002
Plart Life [PL] | 8.000
Income Tax Factar [ITFactar] | 0.00a0

Marshal and Swift Index

Base Year [1 533.0
Current ‘'ear | 1080

TAL = [i#1+i] "PLI/[[1+]"PL - 1J*Capital + [14TFactarOperating

tl:ommun Column | Heat Exchanger | Motes

[T Hold o

2. In the Common tab, enter 1070 in the Current Year cell.

You can modify the following parameters in the capital cost calculations,
using the options in the Capital Cost view:
e Column tab: tray size, vessel thickness, vessel cost, tray cost,
platform and ladder cost, and installation cost.

» Heat Exchangers tab: heat exchangers size, heat exchangers cost,
and installation cost.

3. Inthis tutorial, the default values for the rest of the parameters are
adequate. Click the Close icon to close the Capital Cost view.
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X

Close icon

6-12

Creating a Three Product System

Modifying he Ufilify Dafabase

In this tutorial there is no Air utility, so you will remove the Air utility
from the DISTIL default utility database.

1.

On the Setup tab, Options page, click the Utility Database button in

the Economics group.

The Utility Database view will appear.

Figure 6.14
= & ™ Hold
N Inlet T | Outlet T HTC Cost [ndex ARH ARL D Tmin T ;I
AMeE [c] [C] | [kAem2C] | [Costkd] 1] [c] [c] sRe |
LF Steam || o 1250 124.0 | 2160e+004 | 1.900e-006 1155 | -2650 10.00 | Heat
MPF Steam | o 175.0 174.0 | 2160e+004 | 2 200e-006 165.5 1155 10.00 | Heat
HF Steam | 2500 243.0 | 2160e+004 | 2 500e-006 2405 165.5 10.00 | Heat
Hot il | 2800 250.0 8362 | 3.500=-006 2755 2405 5.000 | Heat
Fired Heat [1000] | 1000 400.0 3536 | 4248006 4765 2755 25.00 | Fired
Fired Heat [2000] | 2000 400.0 3836 | B342e-006 1871 9755 30.00° | Fired
ey High Temperature | 3000 2939 3996 | 8.900e-008 2991 1971 10.00 | Heat
Refrigerant 1 Generation | | -24.00 -26.00 4680 | -2.711e-006 -26.50 -41.50 3.000 | Heat
Refrigerant 2 Generation | -39.00 -40.00 4680 | -3.330e-006 -41.50 -65.50 3.000 | Heat
Refrigerant 3 Generation | -B4.00 -65.00 4680 | -5.6816e-006 -65.50 -103.5 2000 | Heat
Refrigerant 4 Generation | » | -102.0 -103.0 4680 | -6.447e-006 -103.5 -293.1 2.000 | Heat
CoolingwWater | A 20.00 25.00 | 1.350e+004 | 2.125e-007 44.50 2950 5.000 | Heat
Air | A 30.00 35.00 2536 0.0000 1345 4450 10,00 | Air Ce
HF Steam Generatian | # 2430 250.0 | 2160e+004 | -2.490=-008 3000 2535 10.00° | Heat
MP Steam Generation | 174.0 175.0 | 2160e+004 | -2.190=-008 2585 1845 10.00° | Heat
LP Steam Generation | & 1240 1260 | 2160=+004 | -1.830e-006 1845 1345 10.00 | Heat j

W

Select the Air cell in the Name column.

Press DELETE. DISTIL will remove Air from the utility database.
Click the Close icon to close the Utility Database view.
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The Feed page allows you to
specify the composition,
pressure/temperature, and
flow rate of the feed stream.

b4.2 Specifuing Feed and Product Streams

Now that you have selected the fluid package and calculation options for
the Three Product System operation, you will specify the feed and

product streams characteristics.

1. On the main TPS view, click the Specifications tab, then select the
Feed page.

2. On the Feed page, enter the information from the table below:

Object ‘ Value ‘ Object ‘ Value
Benzene cell 0.1530 mole C6 cell 0.0225 mole
Toluene cell 0.1373 mole C7 cell 0.0630 mole
i-C5 cell 0.0500 mole 124-M-BZ cell 0.2125 mole
i-C4 cell 0.0268 mole m-Xylene cell 0.1376 mole
n-C4 cell 0.0344 mole Pressure cell 200 kPa

n-C5 cell 0.0495 mole Flowrate cell 1500 kgmole/h
2-MCS5 cell 0.1134 mole

The Feed page should appear as shown in the figure below:

Figure 6.15
'A’Thlee Product Systems: 3PS51 [_ O] <]
Specificati Composition Basis: Ligv'al
Temperature [C] 86.22 Benzene | (0.1530
Feed Pressure [kPa] [ 200.0 Touene 01373
Splits Guality 1.000 i-Lh 0.0500
Yapour Fraction 0.0000 i-C4 0.0268
n-Cd 0.0344
Flowuate [kgmaolesh] Il 1500 S 00495
Maszs Flawrate [kg/h] 1.373e+005 2MCH 01134
Lig¥ol Flawrate [m34h] 1736 CE 0.0225
c7 0.0830

124M-B2 0.2125
mylene 01376

B Setup Specifications | Performance | Plats | Motes

x Select light and heavy keps

3. Select the Splits page.
The Splits page allows you to control the component splits in the
mixture by selecting the components that will be in each of the three
product streams.
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The drop-down lists in the
Light Split group allows you to
select the components that
will be in product A stream
and the light component of
product B stream.

The drop-down lists in the
Heavy Split group allows you
to select the components that
will be in the product C stream
and the heavy component of
product B stream.

6-14

4. Inthe Light Split group, select n-C5 component from the Light Key
drop-down list and select C6 component from the Heavy Key drop-

down list.

5. In the Heavy Split group, select Benzene component from the Light
Key drop-down list and select Toluene component from the Heavy

Key drop-down list.

After you finish selecting the key components for the split, DISTIL
automatically begins calculating the variable values of the complex
columns based on the specified product streams.

When the calculations and complex column designs are complete, the
status bar will become green and display ‘Calculations are successful’.
The Splits page should appear as shown in the figure below:

Figure 6.16

}’Thlee Product Systems: 3P51 |_ (O] x|
Specii Feed ~Light Split———————————  Product &
i-C4 Light Key iC4 -
= Cemm—Il
Splits n{5 Heawy Key n-C3 j
2MCE IAACR
C6 [ce | Products
ggnzene v Optimize Intem. Keys 25‘15[:5 -]
Tol :
m?xL;.T::e Heaw Split————— ggnzene L
124-M-BZ Light Key c7 j
I Benzene j' Product C
Heaw Ke Berzene -
o ey o7 =l
Toluene |
v Optimize Intsm. Keys T.jf}'kl‘eré% j
SEe——
Setup Speciﬁcalinnsl Performance IPInts I Motes |
X [ Celeulstions arssuccessfl | Koo

DISTIL may have already generated the variable values for the complex
column designs, but the recovery percentage for each key component in
the streams is set at the specified default values (i.e., 0.98 for the light

and heavy key components in each product stream).
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Recovery Matrix icon

=l

Save Case icon

To change the recovery percentage for each key components you need
to access the Recovery Matrix view:

6.

Click the Recovery Matrix icon at the bottom right corner of the
view. The Recovery Matrix view appears.

Change the recovery percentage for C6 in the Product A stream by
entering 0.04 in the cell intersecting the C6 row and Product A
column. The modified value appears in the figure below:

Figure 6.17

Component Product & | Product B | Product C
i-C4 1.0000 0.0000 0.0000

n-C4 1.0000 0.0000 0.0000

i-C5 1.0000 0.0000 0.0000

nL§ 0.5800 00200 0.0000

2MCE 0.0000
Cef[_0.0400) 09800 0.0000

Benzene 0.0000 0.3800 0.0200

C7 0.0000
Toluene 0.0000 00200 03300
mEylene 0.0000 0.0000 1.0000

124-t-B2 0.0000 0.0000 1.0000

o

DISTIL will automatically recalculate the variable values of the
complex column designs every time you modify any percentage
values in the Recovery Matrix view.

Click the Close icon Xl to close the Recovery Matrix view.

Click the Save Case icon to save the case.
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In the Summary page, the
default setting is to sort the
complex column configuration
in terms of total annualized
cost (TAC), from lowest to
highest cost.

The Direct Sequence design
is currently ranked 3rd in
terms of TAC.
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b.5 Comparing Complex Columns

When the Three Product System operation has finish calculating the
configuration variables for all nine complex column designs, you can
then compare the summary cost, utilities, vapour flowrate, and number
of trays for all designs.

Click the Performance tab, then select the Summary page.

information in cost per year.

2. Uncheck the Relative Values checkbox to view the summary cost

Figure 6.18

»? Three Product Systems: 3PS1 [_ (O]
Performance . . TAC CapEx OpEx
Configuration
c v [Costivear] [#] [Costdpear]
itiess J Dividing Wall Calumn @ 1.181e+006  9.725e+005  9.959e+005
Ve s Petlyuk Colurnn 1.265e+006  1.414e+006  9.959e+005
Shaftwork Direct Sequence @  1.283=+006 1.637e+005 9.709e+005
Side Stipper 1.321e+006  1.247e+006  1.083=+008
Partially Coupled Prefractionator @ 1.339e+006 1.383e+005 1.075e+006
Distributed Sequence 1.340e+006 1.969e+006 9 647e+005
Frefractionator @ 1.345e+006 1.410e+005 1.076e+006
Side Rectifier 1.417e+006  1.422e+008  1.145e+008
Indirect Sequence @ 1.445e+006 1.565e+005 1.147e+006
- ﬁala__ti_yg}f@_lyg_sz Sortby TAC  Sort by CapEx  Sart by OpEx
Setup | Specifications  Performance | Flots | Motes
X[ Celeulstions aresuceessfl <[ o

You can double-click on the complex column’s name, in the
Configuration column, to view the parameters of the complex column in

detail.
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All major design parameters
(like operating pressure,
exchanger duties, exchanger
temperatures, number of trays
in each section, etc.) of the
Direct Sequence column
appear on this view.

3

Section 3 icon

6.5.1 Direct Sequence Design

In this section, you will examine the details of the design parameters
from the conventional Direct Sequence design.

1. Double-click the Direct Sequence cell in the Configuration column.
The Direct Sequence view will appear.

Figure 6.19

’-’Dirett Sequence !E

Product &
-4054 K/
163.3kPa 0) 3nm0c | 2883 kamale/sh

A |ogers
Feed > 3
1500 kgrmole/h VEE 2377 kPa T
[g 2 = Praduct B
5332 ki [g 08509 4724 kamolesh
1633 kPa 11540 @
1212 kgmale/h
9537 ki
2377 kPa a099C
CapEsx: 1.637e+ 006 $* Product C
OpEx:  9.709e+005 Cost/year 739.4 kamnolesh

TAC: 1.2836+008 Costipear | & &

tSummaly Perfoimance | Plots | Motes
] [ Caleulafions are suceessful | F A R

The second column in the Direct Sequence design is operating at a low

pressure (23.77 kPa), so you will change the column to operate at an

atmospheric condition.

2. Click the Section 3 icon to open the Section 3 view of the column.
You can also access the Section 4 view, since section 4 is also located
in the same column.

3. Inthe Section 3 view, locate the Top Pressure cell and enter 1 atm as
the new operating pressure value.
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Comparing Complex Columns

A warning view will appear informing you that any changes made to the
operating pressure or temperature will result in DISTIL recalculating the
values in the entire column design.

Figure 6.20

DISTIL
The specified pressure ftemperature will change the operating conditions in one or maore sections of the configuration,

Concept will recalculate prevailing operating conditions in different sections. It employs Pressure Constraint Handler
ko identify pressure restrictions in different complex configurations.

4. Click the OK button.

If the parameter value is blue, 5. The Section 3 view should appear as shown in the figure below:
you can modify the value of

that parameter.

X

Close icon
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Figure 6.21

Section 3 [Direct Sequence] [=]
Top Pressure [kPa) 1] 101.3
Battom Pressure [kPa] 101.3
Prezzsure Drop [kPa] 0.0000
Top Temperature [C] 7206
EBottom Temperature [C]
F by Rimin/alue 1.100
Dty [kid] -8309
Shaft whork [kiA]
‘fapour Flow [kgmaleth] 985.8
Liquid Flaw [kgmale/h] 5115
LA Ratio 0.5183
Mumber of Trays 13
tin Mo. of Trays 4.364
Height [m] £.944
Diameter [m] 3.428
Lltility Uzed Cooling * ater

6. Click the Close icon to close the Section 3 view.
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In the Direct Sequence view, the design parameter values for the second
column have been changed to accommodate the new operating
pressure value.

Figure 6.22

101.3 kPa R
2D Froduct B
E 1.079 474.3 kamolash
1154C B 43
—_—
1212 kgmolesh E
1.035e-+004 ki
101.3 kPa 130.2C
Froduct C
7.37.5 kamolesh
xl 7. Click the Close icon to close the Direct Sequence view and return to

_ the Performance tab, Summary page of the TPS view.
Close icon

In forcing the second column to work at atmospheric conditions, the
Direct Sequence configuration has been reduce in rank in terms of TAC.
The original rank was 3rd, and now the rank is 7th.

Figure 6.23

TAC CapEx OpEx

[Costivear] [#1 [Costivear]
1.181e+006  9.725e+005  9.959e+005
1.265e+006  1.414e+006  9.959e+005
1.321e+006  1.247e+008  1.083e+006
1.339e+006  1.383e+008  1.075e+006
1.340+006  1.969e+008  9.647e+005
Prefractionator 1.345:+006  1.410e+006  1.076e+006
Direct Sequence I @ 1.394e+005 1.427e+006 1.122e+006
Side Rectifier @ 1.417e+006  1.422e+006  1.145e+006
Indirect Sequence @ 1.445e+006 1.565e+008 1.147e+006

Configuration

Diividing ‘wall Coluran
Petiyuk Column

Side Stipper

Partially Coupled Prefractionator

Distributed Sequence

EBEE e e @

8. Repeat the steps you learned in this section to change the columns
with low pressure (< 1 atm) to 1 atm for the Indirect Sequence and
Distributed Sequence column designs.

All columns in the Direct Sequence, Indirect Sequence, and
Distributed Sequence designs should be operating at atmospheric
conditions.

9. When you have finished making the modifications, return to the
Performance tab, Summary page of the TPS view.
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According to this table, the
Dividing Wall Column is the
most cost effective option
(18% less than the Direct
Sequence).

6-20

In forcing the other columns in the Indirect Sequence and Distributed
Sequence column designs to atmospheric conditions, the rank of the
complex column configurations have changed.

Figure 6.24

TAC CapEx OpEx
Configuration
[Cost/vear] [$] [Costdvear]
Dividing wall Column @ 1.181e+006  9.725e+005  9.959e+005
Petyuk Colurn @ 1.26Be+006  1.414e+006  9.959e+005
Side Stipper @ 1.321e+006  1.247e+006  1.083e+006
Partialy Coupled Prefractionator @ 1.339e+006 1.383=+006 1.075e+006
Frefractionator @ 1.345e+008 1.410e+006 1.076e+006

Direct Sequence I @ 1.394e+005

142724006 1.122e+006

Side Rectifier @ 1.417e+006

1.422e+006  1.145e+006

Indirect Sequence @ 1.431e+006

1.435e+006  1.157e+006

Distributed Sequence @ 1.438e+006

1.773e+006  1.100e+006

10. Check the Relative Values checkbox to compare the complex

column configurations in relative terms.

Figure 6.25

¥ Three Product Systems: 3PS1 [_ o] =]
Performance . .
Configuration TAC CapEx OpEx
3
Utilities Dividing W all Column @ 1.000 1.000 1.000
WVemann Hlans Petlpuk Calumn @ 1.071 1.454 1.000
Shaftwork Side Stipper @ 1118 1.282 1.088
Partially Coupled Prefractionatar @ 1.134 1.422 1.080
Prefractionator @ 1138 1.450 1.080
Direct Sequence I 1] 1.180 1.467 1.126
Side Rectifier @ 1193 1.462 1.150
Indirect Sequence @ 1.211 1.476 1.162
Diztributed Sequence @ 1.218 1.823 1.105
¥ Belative Yalues Sort by TAC ~ Sortby CapEx Sart by OpEx
EM Performance | Plots | Notes
XU Coudnsaesuessfl < B o
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6.5.2 Dividing Wall Column Design

According to the previous DISTIL calculations, the Dividing Wall
Column (DWC) is the most cost effective design. This section looks at
the design parameters of the DWC in more detail.

1. Double-click on the Dividing Wall Column cell in the Configuration

column.
The Dividing Wall Column (DWC) view appears.

Figure 6.26

The DWC is Capa_ble of X ¥ Dividing Wall Column | _ (O] x|
separating the mixture using

only one column.
1638 kPa _I: gé 9512k
A Product &

E| 3543 287 Dkgmoleth
4
01087 | g [ g | 093
6
6 =
Feed —_—— Product B
1500 kgmole/h | 3 E| 473.6 kgmale/h
oarsa |10 7| geoee
Caontroling Column [g
Sections 5 and & 1.766
14
CapEs: 09,725+ 005 §* 13434004 ki
OpEx:  9.959e+005 Costévear E38kPa | 150.3C
TAC: 1181 6+008 Costépear | &5 - Praduct C

739.4 kagmole/h

tSummaly Perfoimance | Plots | Motes
AL R

it 2. Click the Overall Mass Balance icon to view the mass balance of the
T DWC.
Overall Mass Balance icon
Figure 6.27
¥ Mass Balance: Dividing Wall Column As you can see, the
} benzene content
Basis: Male —for Product A d
Component |__Feed [ Products | ProductBAFioductC [ « or Froduc an
iCH 00500 02613 ] 0.0000 Product C streams
nC5 00500 02661/ 00032  0.0000 |_are below 15%.
2MCE 01000 0112 02483 0000
C6 00200 000 00603 0.00 This confirms that
Benzene 02000 0.0000 06208 0.0091 -
7 oo ooom  oose oo — | the DWC design
Tolene 01500 00000 00035 02993 meets the Clean
meFylene 01300 0.0000 0.0000 0.2638 Air Act regu|ation.
124MBZ 01800 00000 00000 03652 T
Molar Flownates: kgmole/h | 1500 287.0 4736 7334
Mass Flowrates: ka/h [ 1.373e+0l 1.971e+0  3.803e+0l 7.874e<0l
LigW/al Flawrates: m3/h [ 1738 3214 49.83 9164
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Fol

Energy Balance icon

X

Close icon

Blue text indicates that you
can modify the value.
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3. Click the Close icon x| to close the Mass Balance view.

4. Click the Energy Balance icon to view the utility duties of the
condenser and reboiler of the DWC.

Figure 6.28

Energy Balance: Dividing Wall Column =]
Heating
Narne | Temperature [ Dty [ Cost [
HP Steam | 1803 C 1.343+004 kw9321 e+005 Costyear
Total, | 1.343e+004 ki [ 332124005 Cast/y |
LCoaling
Narne | Temperature [ Dty [ Cost |
Coaling /ater 300C 951180e+03 kW B.3773e+04 Cost/year
Total | GE12 kW | B377e+004 Costdy |

5. Click the Close icon to close the Energy Balance view.
6. Click the Performance tab in the DWC view.

The Performance tab is divided into six pages:

» CapEx page displays the capital expenditure, operating
expenditure, TAC, column dimensions (number of tray, height, and
diameter), column/vessel cost, heat exchanger areas, and heat
exchanger costs.

» OpEx page displays the capital expenditure, operating expenditure,
TAC, hot utility’s duty and cost, cold utility’s duty and cost, and
vapour flow rates of condenser and reboiler.

* Op. Conditions page displays the operating pressure, temperature,
utility used (if applicable), utility’s duty (if applicable), and R/Rmin
value for each section in the DWC.

» Sections page displays the number of trays, minimum number of
trays, diameter, height, vapour and liquid flow rate, and the liquid/
vapour ratio for each section in the DWC.

« \Volatilities page displays the relative volatility of all the components
in terms of the heaviest component in the mixture.

» Options page allows you to modify parts of the column
configuration and/or add constraints in designing the column.

7. Return to the Summary tab.

8. Inthe column diagram, notice the number of trays on the left side of
the column is 16, while the number of trays on the right side is 23.

It can be difficult to balance a column with an uneven load and pressure
drop. DISTIL has a function that allows you to automatically balance the
number of trays on either side of the dividing wall.
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9. Click the Performance tab, then select the Options page.

f\:)filléc"_"n” alz(;anr:%?ie?stg?the 10. In the Options to Equate Trays on Two Sides of Wall group, click the
WI . .
equ ating fray calculation: Equate Trays by changing R by Rmin button.

* Specify the number of . . . .
caﬂcugﬁon iterations in DISTIL will now begin re-calculating the parameter and variable values

}theer gf%"ngﬂi"glzer of of the column to different reflux values until a reflux value is found that

« Specify the step size of allows the column to meet specifications and contain an equal number
the operating reflux in :
the Step size for R by of trays on both sides of the wall.

Rmin field. 11. If a feasible reflux value is found that allows for equal trays on both

side of the wall, a message view will appear to inform you. Click the
OK button to close the message view.

Figure 6.29

DISTIL

Concept has identified one set of feasible R by Rmin values to equalize trays on the two sides of the dividing wall.
The results represent lacal optima and need to be studied in averall context,

12. Click the Summary tab to view the new number of trays.

Figure 6.30
’-’Dividing Wall Column [_ O]
162.8kPa _[ é 3821 kv
=k 2 Product A
[g 3700 2869 kgmole/h
4
9521e-002 [g [g 0.5008
B
g
Feed —_— Product B
1800 kgmelesh | 1§ E| 4737 kamole/h
pzsan | 121 1] gesen
Contraling Calumn [g
Sections B and & 1.823
12
CapEx: 9.600e+005 $* \\_/ 1.386e+004 kiw'
OpEx  1.028e+005 Cost/year 163.6 kFa | 15030
TAL: 1.211e+006 Cost/year 5‘ Product C
7394 kgmole/h
_|= Summary | Performance | Plots | Maotes
sy A Faay B,
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13. Click the Plots tab to view the temperature vs. enthalpy graph of the

DWC system.
Figure 6.31
»? Dividing Wall Column [_ O[]
Temperature vs. Enthalpy
160
_*
1404
i
. 120
o i
2 100§
= i
a 1
2 a0
5 i
o 60 4
{
0l
0] : . T . . T
i 2.0e43 408403 £.0e403 8.0e403 1.0e404 120404 1.de+0d
= Mhin Condenser == hin Reboiler Enthalpy (ki)
Summary I Performance  Plots | MNotes |
[ Calulalions are successful @B R

Sensifiviry Analysis

DISTIL allows you to perform a sensitivity analysis on the main design
variables. For example, you can view how changes in the operating
pressure will affect the total cost of the DWC column.

1. Click the Sensitivity Analysis button located at the bottom left

corner of the DWC view.
The Sensitivity Analysis view will appear.

Figure 6.32

y-’SEnsitivity Analysis: Dividing Wall Column
-

Sensitivity Analysis oA

Operating Pressure
Feed Huali A

Operating Cost
Capital Cost

Feed Flowrate E - Total Condenser Y apour
) Total Reboiler Y apour
% A Total Condenser Duty
& Tatal Rebailer Duty
,lg' vt £ - Tatal Mumnber of Trays
Bound 1 1005 Taotal Shaftwork
Bound 2 2.000 . N
i s ' Totle

2. Inthe X-Axis group, select Operating Pressure.
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3. Inthe Bound 2 cell, increase the pressure range value by entering

600 kPa.
Figure 6.33
At lower pressure, Sensitivity Analysis At higher pressure,
refrigeration is e more expensive hot
required, and cost / utility is required, and
increases. [ cost also increases.
%‘-\ 3eHTE "/1
% I2e+I5
S s | :
B " / | | The optimum pressure
= L — ] is at 200 kPa, as
E %/ shown in the plot.
25+IE
2u4IE
y
: m = m 20 am = o Ll El 30 8T
Cperating Pressure (kPa) —=— Total Cost

-

Click the Close icon to close the Sensitivity Analysis view.

X

Close icon Click the Close icon to close the DWC view and return to the

Performance tab, Summary page of the TPS view.

Figure 6.34

@

b’Three Product Systems: 3P51 |_ (O] x|
Performance " .
Configuration TAC CapEx OpEx
Summary
Ukilifies Dividing ' all Calurn | @ 1.000 1.000 1.032
Vapour Flows Petlyuk Column - 3 1.045 1.473 1.000
Shaftwork Side Stripper @ 1.091 1.299 1.088
Partially Coupled Prefractionator @ 1.106 1.441 1.080
Prefractionator @ 1.110 1.469 1.080
Direct Sequence @ 1.151 1.487 1.126
Side Rectifier @ 1170 1.481 1.150
Indirect Sequence @ 1181 1.495 1.162
Distributed Sequence @ 1.187 1.847 1.1058
[V Relative Waluss Soit by TAC  SortbyCapEx  Sort by OpEx
Setup | Specification:  Performance | Plots | Notes
X Codoacsccestd o

As you can see from the information in the Summary page, the changes
made in the Dividing Wall Column did not lower the configuration’s rank
in TAC.

In the next section, you will analyze the trade-off between quality and
quantity of energy for different designs.
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The Temperature vs. Enthalpy
plot is blank by default.
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6.5.3 Oualify vs. Quantiky of Energu

The Three Product System operation contains a tab that displays the
temperature vs. enthalpy plot for all complex columns, which allows you
to compare the energy quality and energy quantity of each complex
column.

1. Click the Plots tab of the TPS view.

Figure 6.35

V-’Thlee Product Systems: 3PS1 [_ O] ]
Carfiguration | Display | Temperature Enthalpy Diagram
Distributed Sequence b4
Side Rectifier > 10
Indirect Sequence b4 -
@
Petiyuk Column ¥ =
o 1m
Direct Sequence b4 =
=
Prefractionator ¥ E =
Partially Coupled Prefra b4 = @
Side Skipper L -
Dividing Wall Column I b4
FOeem Do GOeem  EOem  10eDr  12eOr  demem
Enthalpy
Setup I Specifications I Performance Plolsl Hotes |
¥ [ Celeulstions arssuccessfl S N

2. To plot the temperature vs. enthalpy data of the complex columns,
click the icons in the Display column.

 Red Xicon X indicates that the associated complex column data
is removed from the plot. Click on this icon to change the icon to a
green checkmark and display the associated complex column
data on the plot.

« Green Checkmark icon + indicates that the associated complex
column data is displayed on the plot. Click on this icon to change
the icon to a red X and remove the associated complex column
data from the plot.
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In terms of TAC, the Indirect 3. Click the icon in the Display column for the Dividing Wall Column
Sequence design was 22% (DWC) and the Indirect Sequence designs.

more than the DWC design.
Figure 6.36

Temperature Enthalpy Diagram
180
160
— 140
<
9 120
=0
® 100
g
80
5
= &0
40
7
x 1) 2.0e+03 4.0e+H13 6.0e+03 8.0eH3 1.0e+04 1.2e+04 1.4e404 1.6e+4
——  Dividing Wall Column
Indirect Sequence Enthalpy (ki)

Based on the data plots from the figure above, you can make the
following assumptions:

LP steam utility is slightly » The Indirect Sequence design requires more utility energy than the
cheaper than MP steam utility. DWC design.

» The DWC design requires less utility energy than Indirect Sequence.

e The Indirect Sequence design uses both LP steam and MP steam
hot utilities to heat the streams.

» The DWC design uses only MP steam to heat the streams.

Figure 6.37

Temperature Enthalpy Diagram
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The Indirect Sequence needs more energy (quantity), but requires a less
expensive hot utility (quality). The DWC needs less energy (quantity),
E but requires a more expensive hot utility (quality).

Save Case icon 4. Click the Save Case icon to save the case.
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Simulating the Design in HYSYS

b.6 Simularing the Design in HYSYS

Once you have decided which complex column design is the most
promising candidate to separate the benzene from the gasoline product
mixture, you can perform a more rigorous simulation on the selected
complex column system.

DISTIL allows you to extract information from the selected complex
column from the Three Product System operation and export the
information to HYSYS. Once in HYSYS, you can perform a more rigorous
simulation.

To perform the simulation in HYSYS, you need HYSYS 3.0 or higher.

6.6.1 Extracting the Column Design

In this section you will extract the complex column system and export it
to HYSYS.

1. Click the Performance tab of the TPS view.

2. Double-click on the Dividing Wall Column cell in the Configuration
column. The DWC view appears.

In the DWC view, click the Simulate icon.

A warning message appears to inform you that the DWC will be
modeled as a Petlyuk column in HYSYS. Click the OK button

Figure 6.38

DISTIL E2

& Dividing Wall Column will be modeled like a Petlyuk Column in HYSYS environment,
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5. DISTIL will automatically activate HYSYS and send the fluid
package and selected complex column design specifications to
HYSYS.

Figure 6.39
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Simulating the Design in HYSYS

b.6.2 Comparing Calculafed Results

Once the selected complex column design is exported to HYSYS, HYSYS
automatically performs an initial calculation on the entire separation
system.

The re-calculation occurs because DISTIL assumptions are more
relaxed than HYSYS assumptions.

Some of the values calculated by HYSYS will be different from the
DISTIL values. To compare the calculated values, do the following:

1. InHYSYS, double-click on the Column object in the PFD to open the
Column property view.

Figure 6.40

I Column: T-100 / COL1 Fluid Pkg: Basis-1 f Peng Robinzon

Design Column Mame IT-1UD Sub-Flowshest Tag |COLT

Connections rInlet Stream Stage Numberin
b onitar Internal Stream External Stream Inlet Stage Transfer Basis | Split =
. FEED FEED | _TS-PREFAC PHEmsh | [ | ||| o lopDewn
[P=s MAINREBHEATI | MAINREEHE! REE-MAIN MoneFiegd | | ¢ Bottom Up
Specs Summary “* Mew *™ | << Stream >>
Subcoaling Edit Traps.. |
Nates
I Spiit Inlets
Outlet Stieam
Internal Stream Extemal Stream Outlet Stage Tupe Transter Basie | dP liam I
SIDELIGFROD | IDELIGFROD | 10__T5-MAIN L F-H Flash
OVHLIOPROD | JVHLIGPROD | COMD-MAIN | L FH Flash PTop [1638KFa
MAINCONDCOD | MAINCONDC COMDMAN | O None Fieq'd
BTMLIGPROD | 3TMLIGPROD REE-MAIN L P-H Flash dF Bat |U-DDDD kPa
“ Mew * | << Stream »»
P Bot |1 3.8 kPa

Delete | Caolumn Environment... | Run | Reset | _ ¥ Update Outlets [~

2. Click the Column Environment button at the bottom of the Column
view to enter the Column environment.

The Column environment provides more detailed views and information
for the column configuration.
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3. Inthe Column environment, click the PFD icon to open the PFD

{E | view of the Column environment (if it isn’t already visible).
PFD icon Figure 6.41
- PFD - T-100 (COL1) JH[=] E3 .
H E;ﬂ @ ‘ Eﬂ E’nﬂ | ,O A 7 ) IDafaull Calour Scheme 'l As the warning
message had
— =il stated, the DWC
TOPYAP would be
MANCONDCOOLIN modeled as a
VHLIGPROD Petlyuk column in
COMD-MAIN SIDEDRAYWA HYSYS.

REFLUX

TS-PREFAC
RETETRM1

SIDELIQPROD i FED J
RETETRMZ <

SIDEDRAWZ A

MAINREBHEATIMNG
BOILUP REB-MAIN
BOTLIG —
BTMLIGPROD

:
S=ealt N [

T PED 1

4. Inthe Column environment PFD view you can do the following:
» Double-click any of the Stream objects to access the properties
and composition of the selected stream.

» Double-click the Condenser or Reboiler object to access the
properties and parameters of the condenser or reboiler.

* Double-click the Column objects to access the properties and
parameters of the columns.

In the object views (stream, column, and exchangers), you can change
any values where the value text is blue or red.

» Blue text indicates the values were entered manually.

* Red text indicates the values are HYSYS and/or DISTIL default
values.

» Black colour text indicates that the values are calculated by HYSYS.
You cannot modify these values.

5. From the File menu, select Save As, and save the HYSYS case as
ImportedBenzeneRemovalCase.
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Introduction

1.1 Infroduction

This is an advanced tutorial. It In this tutorial, you will use DISTIL to help you decide whether to

is assumed that you know all
the basic functions of DISTIL.

replace or modify an existing separation train of a styrene separation

For information about the process with a more efficient column configuration. A more efficient
basic functions, refer to the separation process is required because the profitability of the plant has

User Guide and Separation

manual.
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dropped by 20% due to increase in energy cost.

Figure 7.1

”
l

F 3

A: Ethylbenzene

Reactor Separation B: Styrene

EB to Styrene Train

C: AMS

The current separation train used in the styrene separation process is
similar to a Direct Sequence design.

Trays = b5
N Diameter = 8.6 m Golumn Hardware
B
c Cond 1 = 123 m?2
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There are many possible column designs for the above separation
system. DISTILs Three Product System (TPS) operation offers nine
different complex column designs from which you can compare the
designs to select the column configuration that meets your
requirements.

1.£ Sefting Unif Preferences

Before you begin setting up the simulation, verify that the units
currently selected in the DISTIL preferences are the ones you want to
use.

For this tutorial, the temperature is in Celsius and the Cost Index per
Time is in $/year. Since you defined a unit set containing this variable in
the previous tutorial (Cost in years-SI), you do not have to create a new
one.

1. Activate DISTIL, if it is not already open.

2. From the Tools menu, select Preferences. The Session Preferences
view appears.

Click the Variables tab, then select the Units page.

In the Available Unit Sets group, select the Cost in years-SI unit set.

7-3
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1.5 Defining the Fluid Pachage

To use the Three Product System operation, you need to generate a fluid
package containing the property package and components required to
simulate the feed stream entering the separation system.

1. Activate DISTIL, if it is not already open.
ﬂ | 2. Open the Fluid Package Manager view by click the Fluid Package
Manager icon.

Fluid Package Manager icon

In the Fluid Package Manager view, click the Add Fluid Package

H | i1?1(1);:1 i?luid Package view will appear.
ST 737 Selecting a Property Package

In the Fluid Package view, you will select the property package and
components associated with the fluid package.

1. Inthe Fluid Package view, click the Property Package tab.

2. Inthe Model Selection group, select the Vapour radio button, then
select Ideal Gas in the Model Selection list.

3. Inthe Model Selection group, select the Liquid radio button, then
select Peng-Robinson in the Model Selection list.

Figure 7.3

Fluid Package: Fluidl |_ (O] x|
~Model Selection ~Model Option:
HysysPR ;I Property Options -]
Ideal Salution Enthalpy | Peng-Robinzan Enthalpy _I
Kabadi-D anrer Entropy Peng-Robinson Entropy
Lee-Kesler-Plocker iz R,
Margules -
METL i Cv Peng-Robinzon Cv
RS LnFugacityCoeff | Peng-Robinzon L. Fugac
Peno-Robirson LnFugacity | :ng-Robinson Ln. Fugacity
Redlich-Kwang MolarDensity | Peng-Robinson Malar Der
E‘EQKUIE" Solutian Moalarvolume | Peng-Robinzon Malar Yal
X Yizcazity HY5Y'S Yiscasity
EI?JT;:EEHELEO‘MSO” ;I ThermalCanductivity | 'S%'S Thermal Conductivity
- SurfaceTension | HYSYS Surface Tension
" Vapour & Liquid Helmholtz | Peng-Fobinzon Helmholtz
|Peng-FEObinson EDS uzing mixing rule #1 for all Gibbz | Pena-Robingon Gibbs Ene LI
_
Property Package | Components I Binary Coefficients I Flazh Cantral I Motes ]
X | Peng-Robinzon-ldeal Gaz [
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The status bar at the bottom of the Fluid Package view should display
Peng-Robinson-Ideal Gas as the selected property package, as shown in
the previous figure.

1.5.2 Selecfing the Components

1. Click the Components tab.

2. Inthe Available Component List/Filter Options group, type benzene
in the Match field.
The list under the Match field will display all components that have
names with the word benzene in them.

3. Select Benzene from the list and click the Select button.
The component benzene will be added to the Selected Components
list.

4. Repeat steps #2 to #3 to add the following components:

e Toluene
e Styrene
e« E-BZ
* alpha-M-Styrene
5. Click the Notes tab. In the Name field, enter a name for the fluid
package (e.g., PR-styrene).
EI 6. Click the Close icon to close the Fluid Package view.

Save the case as StyreneSeparation. DISTIL will save the file with

Close icon .
the *.hcd extension.
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4

Separation Technology
Manager icon

The name of the TPS
operation will appear in the
right list of the Separation
Manager view.
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14 Creafing a Three Product System

After specifying the fluid package for the simulation, you are ready to
use the Three Product System (TPS) operation.

1. Click the Separation Technology Manager icon to open the
Separation Manager view.

Figure 7.4

p¥ Separation Manager =17}
SimpleColumn
ThreeProductSystem
ComplexColumn
ColumnS equencing
B s | | | |

2. Inthe left list of the Separation Manager view, select
ThreeProductSystem.

3. Click the Add button. The TPS property view will appear.
DISTIL automatically names the TPS operation 3PS1.

4. On the TPS view, select the PR-styrene fluid package from the Fluid
Package drop-down list.

Figure 7.5
)’Three Product Systems: 3P51 [_[O]
Setup Fluid Package
'H-shyrene
Fluid Package St
Options Caompanent ‘ Selected |

Benzene
Toluens
Styrene
E-BZ

alpha-M-Styrene

th
Y

i

_=Selup| Specifications J Performance JF‘Iots Motes

x Input feed composition REIE S




Styrene Separation 7-7

Modifying the Utility Dafabase

In this tutorial, there is no Air utility, so you will remove the Air utility
from the DISTIL default utility database.

1. On the Setup tab, Options page, click the Utility Database button in
the Economics group. The Utility Database view appears.

Select the Air cell in the Name column.
Press DELETE. DISTIL will remove Air from the utility database.

4. Click the Save Default Utilities to File icon, the Save Heat
E | Integration Defaults view appears.

- . 5. In the File Name field, enter NoAir-utildata and click the Save
Save Default Utilities to File e -
icon button to save the modified utility database.

6. Click the Close icon x| to close the Utility Database view.

Modifing the Tray Spacing

In this tutorial, the column’s tray spacing is 18 inches. You must check
and ensure the assumed value for tray spacing is 18 inches.

1. On the Setup tab, Options page, click the Capital Cost button in the
Economics group. The Capital Cost view appears.

Click the Column tab, and select the Sizing page.

In the Tray Spacing field, check that the value is 18 inch. If the value
is incorrect, use the down arrow »|and select 18 inch from the drop-
down list.

4. Click the Close icon x| to close the Capital Cost view.
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The Feed page allows you to
specify the composition,
pressure/temperature, and
flow rate of the feed stream.

The Splits page allows you to
control the component splits
in the mixture by selecting the
components that will be in
each of the three product
streams.

7-8

141 Specifuing Feed and Product Streams

Now that you have selected the fluid package for the Three Product

System operation, you will specify the feed and product streams

characteristics.

1. On the main TPS view, click the Specifications tab, then select the
Feed page.

2. Enter the information as shown in the table below:

Object ‘ Value ‘ Object ‘ Value
Styrene cell 0.500 alpha-M-Styrene 0.0500
Benzene cell 0.0200 Pressure cell 30.00 kPa
Toluene cell 0.0300 Flowrate cell 1000
E-BZ cell 0.4000

3. Select the Splits page.

4. Inthe Light Split group, select E-BZ component from the Light Key
drop-down list and select Styrene component from the Heavy Key
drop-down list.

5. In the Heavy Split group, select Styrene component from the Light
Key drop-down list and select alpha-M-Styrene component from
the Heavy Key drop-down list.

After you finish selecting the key components for the splits, DISTIL
automatically begins calculating the variable values of the complex
columns based on the specified product streams.
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6. The Splits page should appears as shown in the figure below:

¥ Three Pioduct Systems: 3P51 =] E3
specifi Feed Light Split Froduct &
DECLE Benzene Light Key Berzene
Feed Toluene E-EZ - Toluene
. E-BZ2 E-BZ
Splits Styrene Heavy Key Shyrene
alpha-M-Styrene
Styrene T Product B
[~ Dptimize Intem. Keys E-BZ
Styrene
Heawy Spit alpha-M-Styrene
Light Key
H Product C
Heawy Key Sltﬂéana a1
alpha-bd-Styrene hd CIREAT A
[~ Optimize Intem. Keys

B Setup Specifications | Performance | Plats | Motes

¥ [ Cabublionsaiesucesssil | (R,
You can change the default In this tutorial, the DISTIL default recovery percentage values for the key
value in the Default Key t the desired val The DISTIL default
Recovery field of the Setup components are the desired values. The efault recovery
tab, Options page. percentage value is 0.95.
To view the recovery percentage values of the components for each
product stream, open the Recovery Matrix view.
e 7. Click the Recovery Matrix icon at the bottom right corner of the

view to open the Recovery Matrix view.

Figure 7.7

Recovery Matrix

Recovery Matrix icon

Comporent [ Product & | Product B | Product C |
Benzene 1.0000 0.0000 (0.0000

Toluene 1.0000 0.0000 (0.0000

E-BZ 0.9500 0.0500 (0.0000

Styrene 0.0500 0.9000 (0.0500
alpha-t-Stprene 0.0000 0.0500 0.9500
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In the Summary page, the
default setting is to sort the
complex column configuration
in terms of total annualized
cost (TAC), from lowest to
highest cost.

7-10

1.5 Comparing Complex Columns

When the Three Product System operation has finish calculating the
configuration variables for all nine complex column designs, you can
compare the summary cost, utilities, vapour flowrate, and number of
trays for all designs.

1. Click the Performance tab, then select the Summary page.

¥ Three Product Systems: 3PS1 [_ (O]
Pertormance
Canfiguration TAC CapEx OpEx
c
Ukifitizs Fartially Coupled Prefractionator 1.000 1.665 1.000
e s Dividing ‘w/all Column @ 1.002 1.000 1.068
Shaftwork Prefractionator 1.028 1.668 1.033
Petlyuk Caluran 3 1.054 1.608 1.068
Distributed Sequence 1141 2210 1.110
Direct Sequence 3 1.196 1.675 1.227
Side Stripper 1.258 1.753 1.292
Side Rectifier @ 1.304 1626 1.358
Indirect Sequence 1.372 1.751 1.425
[¥ Eelative Yalues Sortbe TAC  SortbyCapEx Sort by OpEx
m Performance | Plots | Notes
¥ [ Calbublionsaiesucesssil | @,

Double-click on the complex column’s name under the Configuration
column to view the parameters of the complex column in detail.

Based on the calculated results in the Summary page, the top five
ranking column configurations are prefractionation based designs. In
these designs, the feed mixing losses are minimized.

The designs where the back mixing is important rank 7th and 8th place
(Side Stripper and Side Rectifier).
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1.5.1 Analyzing the Skyrene Separafion Process

In this section, you will analyze the styrene separation process
performance and the calculated results from the Three Product System
operation compared with the performance to confirm that a complex
column design would be a more efficient process.

For the styrene separation process, consider the following assumptions
and conclusions:

» Since the effect of back mixing is less important, the Side Stripper
and Side Rectifier designs need not be considered.

Refer 1o Section 534 - « Since the feed contains about 48% middle product, it is more
omplex Column Design efficient to use Prefractionator base columns to separate the
Options in the Reference mixture

Guide for more information. o ) o o
» The splits in the styrene separation process are difficult, as indicated

by the relative volatility values calculated by DISTIL. You can check
the components’ relative volatility values in the individual complex
column view on the Performance tab, Volatilities page.

Figure 7.9

»? Partially Coupled Prefractionator | _ (O] x|
Pert, Relative Yalatilti
CapEx Companents I Section1 -2 | Section 3 - 4 | Section5-B
OpEx Benzene 129 1230
B Earelias Taluene 5378 5443
: E-BZ 2.501 2438 2.453
Sections Styrene 1.856 1.843 1.820
Yolatilities alpha-t-Stprene 1.000 1.000 1.000
Optionz
When the split ratio of the Based on the values in the figure above, the relative volatility value
relative volatility value is less for the first split is E-BZ/Styrene = 1.35, and for the second split is
than 2, the Light and Heavy S J/alpha-M-S - 184
key components in the split tyrene/alpha-M-Styrene = 1.84.
are considered difficult to » There is a need to lower operating costs due to higher energy costs.
separate. Complex column configurations are known to lower the operating

costs. For example, the Partially Coupled Prefractionator (PCP)
design has the lowest operating cost because the configuration
allows for the use of low temperature hot utilities.

« As mentioned previously, the existing separation train is similar to a
Direct Sequence configuration. The calculated values for the
complex column configuration (Figure 7.8) indicate that the PCP’s
TAC is 19% less than the Direct Sequence and the PCP’s operating
cost is 23% less than the Direct Sequence
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Whether the existing
hardware can be re-used will
depend on the selection of the
possible new column
configuration.

7-12

In conclusion, a Prefractionator base column configuration would
improve the efficiency of the separation train in the styrene separation
process. The next step is to decide if the existing columns in the process
need to be replaced or modified.

1.5.2 Replicaring the Existing Separafion Train

A good engineer should always see if some (ideally most) of the
hardware elements in the existing column sequence can be reused in
the modified energy efficient column configuration to reduce the cost of
material needed to modify the existing column sequence.

Which column configuration you choose will depend on your ability to
properly compare the existing configuration with the possible improved
configurations.

As mentioned at the beginning of this chapter, the existing separation
train configuration is similar to the Direct Sequence configuration,
however, the calculated cost values of the Direct Sequence configuration
are based on the Three Product System operation parameter values, not
on the existing separation train parameter values, so the cost values
between the configurations are not accurate.

DISTIL allows you to manipulate the parameter values of the Direct
Sequence in the TPS operation to match the existing separation train
configuration, creating a more accurate configuration/design for
comparison.
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Refer to Section 5.2.4 -
Column Retrofit Options in
the Reference Guide for the
detailed relationship between
reflux ratio and number of
trays in the column.

1. Open the Direct Sequence view.

Figure 7.10

[ (O[]

y-’Direct Sequence

0 -3.165e+004 kisf
8898 C

5517

Product &
| 455.0 kamoleth

-1.178e+004 ki
10450

30.00 kPa

Feed JE—— 23

1000 kamole/h E’ 5022

30.00kPa

Product B

30.00 kPa 3.221e+004 kiw' 5 [’ 1305 4725 kamolesh
10587 C
48
545.0 kgmole/h
1.2242+004 kiw
30.00 kPa 11560

CapEx: 2.190e+006 $* Product C
OpEx:  3.072e+008 Cost/year

TAL: 3.490e+006 Cost/vear §‘ ?

_—
Summalyl Perfoimance IF'IUlS MNotes |

7250 kgmoledh

| [ Coloulations are successhul LR,

According to the information in the Summary tab, the first column
contains 48 trays and the second column contains 27 trays. The existing
separation train’s first and second columns contain 55 and 30 trays
respectively.

The number of trays in the Direct Sequence view needs to be increased.
The number of trays in a column is inversely proportional to the reflux
ratio value of the column, so decreasing the reflux ratio value of the
column will increase the number of trays in the column.

2. Click the Performance tab.

3. Select the Op. Conditions page. The current reflux ratio value for the
column is 1.100.

4. Decrease the reflux ratio value for the column and observe the
change in the number of trays.

You will find that the values 1.05 for the first column (Sections 1 &2) and
1.06 for the second column (Sections 3 &4) work well for the reflux ratio
value.
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Figure 7.11

Product &
30.00 kPa §) o hie kb | 455 0 kamole/h
H |52
Feed — 2B
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E = Product B
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54 -
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0.00kPa TEEL
CapEx: 2.200e+006 $* Product C
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1.5.3 Modifuing the PCP Configurafion

As stated in the previous section, it is cheaper to take the existing
column sequence and modify it to match the more cost efficient
configuration.

» The existing separation train for the styrene separation process has

two column shells, so from the list of possible complex columns, a
configuration with two column shells is considered.

» The existing separation train is not energy efficient, so from the list
of possible complex columns, the complex column with the lowest
operating cost is considered.

From the above two requirements, the first configuration to be
considered is the Partially Coupled Prefractionator (PCP). The columns
in the PCP configuration will be modified on the assumption that the
existing columns in the styrene separation process are still used for the

separation.
Figure 7.12
Performance Confiaurat TaC CanE OnE X i
- IR s 368 Notice that the Direct
Utilties Partially Coupled Prefractionator | @ 1.000 1.665 equence cost went
\fapour Flows Dividing W/l Column @ 1.002 d_own from 20% (see
Shaftwork Prefractionator @ 1.028 1m3 Figure 7.8) to 16.6%
Petipuk Colunn @ 1.05 1.068  more than the PCP
Distributed Sequence @ 1 1110 after the
Direct Sequence @ 1.162 1187 modification.
Side Stipper @ 1.258 1.753 1292
Side Rectifier @ 1.304 1.626 1.359
Indirect Sequence @ 1.372 1.751 1.425
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Click the Section 1 Ei and

Section 3 Ei icons to open
the section views.

1. Open the PCP view.

Figure 7.13

»? Partially Coupled Prefractionator [_ O]
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{Sensitvity Andlvsis || I LR S

The first column of the PCP contains 24 trays and the second column
contains 62 trays.

» There is a column in the existing separation train that contains 30
trays, which can be used as the first column (prefractionator) of the
PCP configuration. The reflux ratio value of the first column of the
PCP can be reduced to increase the number of trays.

» The other column in the existing separation train contains only 55
trays, so the reflux ratio will increase to reduce the number of trays
in the second column of the PCP from 62 to 55.

Marching the Number of Trays

On the Summary tab, open the Section 1 and Section 3 views.

2. Reduce the reflux ratio value in the Section 1 view to increase the

number of trays in the first column.
You will find that 1.04 is adequate for this tutorial.

3. Increase the reflux ratio value in the Section 3 view to decrease the

number of trays in the second column.
You will find that 1.20 is adequate for this tutorial.
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Figure 7.14

The first
SADLFE S coma  COIUMN NOW
- raduct .
»  B01.3 kgmoleh E] 5355 45 contains 28
30,00 kPa = trays, and the
second
H column now
Feed > 4 contains 55
F Froduct B t
1000 kamole/h H 4725 kgmolesh rays.
1.4422+004 ki
30.00 kPa 10649 C >
280.1 kamolesh
Controling Columi
Sections 3 and 4

CapEx 2.199e+006 $* 20.00 kPa B
OpEwx: 2 E684e+006 Cost/year | Product C
TALC: 3.104e+006 Cast/pear 1’5‘ 7250 kamaledh

While the number of trays now appears suitable, there may be other
column parameters that have been modified due to the changes in
reflux ratio. The other column parameters, such as the tray diameter,
should be checked.

4. Click the Performance tab, then select the CapEx page.

Figure 7.15

— Summary
. Capital Expenditure [$] 2.258e+006
CapEx Operating Expenditure [Cost/vear] 2.685e+006
0ok Tatal Annualization Cost [Cost/vear] 3.115e+006
pEx
Op. Conditions
Sections
Volatiities Colurmn M ame Trays Diameter Height Cost Index
Prefractionator Shell 28.00 5.008 m 19.07 m 4.568e+005 $~
Dptions Main Column Shell 55.00 | FF64m | 3IF53Im 1.053e+006 $*
Exchanger Name firea Cost Index
Prefractionator Reboiler 136.7 m2 1.291e+005 $*
Main Condenser 1434 m2 1.312e+005 $*
I ain R eboiler 64.45 m2 8.738e+004 $*

The tray diameters for the PCP columns are about 5.817 m and 9.010 m.
The tray diameter for the existing columns are 5.6 m and 8.6 m. Clearly
the PCP columns are too fat, and the tray diameters need to be
decreased.
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Consider the factors that controls the tray diameter:
» Vapour Density. This variable can be manipulated; the value is not
fixed.

» Vapour/Liquid Traffic. This variable cannot be manipulated; the
value is fixed due to the required/specified composition of the
product streams.

In this tutorial, the vapour density value will be manipulated to decrease
the tray diameter. The vapour density has an inverse relationship with
the tray diameter:

* When the vapour density value is small, the vapour in the column

requires more space/volume, so the tray diameter needs to be large
to increase the volume of the column.

» When the vapour density value is large, the vapour in the column
requires less space/volume, so the tray diameter needs to be small
to reduce the volume of the column.

The variable that increases or decreases the vapour density in the
column is the operating pressure. Increasing the operating pressure will
increase the vapour density, and decreasing the operating pressure will
decrease the vapour density.

In this tutorial the operating pressure will be increased to increase the
vapour density value and decrease the tray diameter.

The increase in operating pressure, however, may increase the difficulty
in the separation process, which means more trays will be required in
the column to achieve the required/specified separation.

DISTIL will automatically increase the number of trays in the column to
compensate for the increased difficulty in the separation process. In
order to match the number of trays in the simulated columns with the
existing column, the reflux ratio value will have to be modified.

The above analysis relies on basic knowledge about how to manipulate
tray diameter, however, this analysis has been done qualitatively. There
are no numbers to support the reasoning.

DISTIL provides the quantitative analysis. The operating pressure value
of the simulated columns can be increased or decreased to show how
the quantitative changes to the value affect the rest of the simulated
columns.
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Marching the Column Diamerers

1. Click the Summary tab, then open the Section 1 view.
2. Increase the Top Pressure of the first column to 45 kPa. The
following results occur:
* The tray diameter is reduced from 5.817 m to 5.585 m.
e The number of trays increases from 28 to 29.
Open the Section 3 view.

Increase the Top Pressure for the second column to 46 kPa. The
following results occur:

e The tray diameter is reduced from 9.010 m to 8.476 m.
e The number of trays increases from 55 to 57.

5. On the Section 3 view, increase the reflux ratio value to 1.24.
The number of trays is reduced from 57 to 55.

Analyze the Rank of the Modified PCP

Now that the simulated PCP configuration has been successfully
modified to match the existing column’s hardware (column vessel and
trays), the modified PCP’s cost will be compared to the existing
separation column’s cost.

1. On the main TPS view, click the Performance tab and select the
Summary page.

Figure 7.16

LEOancE Configuration TAC CapEx OpEx
Utitise iy Dividing Wall Comn -~ @ 1.000 1.000 1.034
Yeman e Prefractionator 3 1.027 1.668 1.000
Shaftwork Fetlyuk Column @& 1.052 1.608 1.034
Digtributed Sequence @ 1.138 2210 1.075
Direct Sequence @ 1.160 1.682 1.143
Partially Coupled Prefractionator I (il 1.173 1.626 1.170
Side Stripper @ 1.256 1.753 1.251
Side Rectiier @ 1.302 1.626 1.316
Indirect Sequence @ 1.370 1.751 1.380
According to Figure 7.16, the
capital cost of the modified
tF;]CP (1;t62|6) 'StSt;'Lt'fwef, t?a” The modified PCP configuration has a lower total annualized cost (TAC)
e capital cost of the existing e . . . .o
column (1.682), therefore, the rank than it did before the modifications. The modified PCP appears to
operating cost has to be the be more expensive than the existing column separation in both TAC and

only factor that increased the

TAC of the PCR. operating costs.
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Considering that the PCP configuration was first chosen because it had
the lowest operating cost, an analysis on why the PCP’s operating cost
increased so substantially must be performed.

Facfors that Increased the Operating Cost

Since the only column parameters that were changed in the modified
PCP were the reflux ratio and the operating pressure, it can be assumed
that the changes in the two parameters are the factors that increased the
operating cost.

In this section you will analyze how the changes in the reflux ratio and
operating pressure affected the cost.

1. On the TPS view, go to the Plots tab.

2. Select the Direct Sequence and Partially Coupled Prefractionator
configurations to be displayed in the plot.

Figure 7.17

- The PCP requires hotter
Temperature Enthalpy Dlagram ’/utilities than the Direct
e Sequence
125
120
o 115
o
5 10
B
2 105
'u_EJ 10 /_The PCP requires
slightly less energy than
%1 Direct Sequence
i |
an -
b 502402 10e+04 152404 2.0ed4 2.85e+d4 20e+D4 2Se+Dd4 40edd4 452404
Direct Sequence
= PFartially Coupled Prefractionator Enthalpy (k)

From the resulting plot, you can conclude the following regarding the
reason for the large increase in the operating cost of the PCP:

» Operating costs increased because of the need for hotter utilities.

» Hotter utilities were required because of the increase in reflux ratio
and operating pressure.

» Operating pressure and reflux ratio increased because of the need
to increase the vapour density.
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» Vapour density increased because of the need to reduce the

diameter of the column.

» Column diameter was too fat because of the high vapour load.

The analysis above indicates that the vapour load is the main factor
contributing to the increased operation cost.

The next step is to find out why there is a high vapour load, and decide if

there is a way to reduce the vapour load and thus reduce the operating

cost.

From the configuration of the PCP design, you can see that the top trays
of the second column (Section 3) will contain very high vapour flow rate.

Figure 7.18

There is a large vapour flow

rate in Section 3, because the
columns are thermal coupl
(only one condenser for tw
columns).

A

c

(6] -

1357
1357

L
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L d
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2275

T

DISTIL confirms that Section
3 contains the highest vapour
flow rate quantitatively.

Figure 7.19

Performance

CapEx

OpEx

Op. Conditions
Sechions
Wolatilities

Options

p’FartiaIIy Coupled Prefractionator

o

[ B3

Section 1 2 3 4 5 g
Trays 19.00 10.00 18.00 25.00 9.000 3.000
Minimurn No. of Trays 5.601 2.9597 8.653 1216 7.591 2430
Diameter [m] 5.270 5.415 8.554 5529 B.877 7.153
Height [m] 9687 5.572 9.230 1243 5115 2372
“apour Flow [kamole/h 1359 1359 3643 284 2284
Liquid Flaw [kgmaole/h] B36.4 1636 3188 2551 2079 2356
LA Ratio 0.4684 1.204 | 0.8751 1117 | 05102 1.032
R by Rmin value 1.040 1.240 E.913

3. Onthe PCP view, click the Performance tab, then select the Sections
page.

The Vapour Flow
row indicates that
Section 3 contains
the highest vapour
flow rate.
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To reduce the high vapour flow rate, the thermal coupling could be
removed to redistribute the vapour flow rate more evenly throughout
the configuration, so a new configuration needs to be considered,
preferably one without thermal coupling.

.34 Modifying e
Prefractionator Configuration

The Prefractionator configuration is the next candidate for the
separation train because it does not contain thermal coupling and it is
similar to the PCP configuration.

Figure 7.20

The Prefractionator
Performance Confiaurati AL CanE ok . . I
= priigHrEen aex | O+ | configuration is
— Dividing Wal Column @3 1.02/ 1.000 1o currently ranked in
- Prefractionator @ 1.0 1.668 100 2nd place.
Shaftwork Petlyuk Column @ 1.052 1.608 1.034
Distibuted Sequence @ 1.139 2210 1.075
Direct Sequence @ 1.160 1.682 1.149
Partially Coupled Prefractionator I B 1.173 1.626 1.170
Side Stripper @ 1.256 1.753 1.251
Side Rectifier @ 1.302 1.626 1.316
Indirect Sequence @ 1.370 1.751 1.380

1. On the main TPS view, open the Prefractionator view.

Figure 7.21

p? Prefractionator [_ (O]
The first column of
the Prefractionator 30.00 kP3| 277464004 ki
: ! 88,99
contains 24 trays o Product &
: [A |[47m2 a55.0kgmolesh
and the second A !
. : 719.9 kamaledo| 21
column contains 62 F
06834 *l 13
trays. 15
Feed — 50
1000 kgmole/h | B ) 4.534 A 4725 kgmelerh Product B
1 48084004 KW
30.00kPa 106.9 B
53
2801 kgmole/h
Contraling Column E]
Sections 3 and 4 25.2
CapEx: 21826400 30,00 kPa B
OpEw  2.585e+006 Costiyear 52 S
TAC:  3.007e+008 Costivear | B, & 7250 kgmole/h
! Summary | Performance | Plots | Notes
CEs A 5 a0 N B
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Just like the PCP, the Prefractionator column parameters will be
modified to match the parameters of the existing column.

2. For the first column, reduce the reflux ratio value to 1.04. The
number of trays increases to 28 and the tray diameter changes to
5.747 m.

3. For the second column, increase the reflux ratio value to 1.2. in the
second column to decrease the number of trays. The number of
trays decreases to 55 and the tray diameter changes to 8.23 m.

The tray diameter for the first column is slightly too large, so like the PCP
configuration, the first column’s operating pressure needs to be
increased to reduce the vapour density, and therefore reduce the tray
diameter.

4. For the first column, increase the operating pressure to 39 kPa. The
tray diameter changes to 5.446 m.

Analyze the Rank of the Modified Prefracrionafor

Now that the simulated Prefractionator configuration has been
successfully modified to match the existing column’s hardware (column
vessel and trays), the modified Prefractionator’s cost will be compared to
the existing separation column’s cost.

1. On the TPS view, go to the Performance tab and select the
Summary tab.

Figure 7.22

__ * The Prefractionator’s
Configuration TAC CapE= OpEx operating cost is onIy 3.3%
more than the lowest

Dividing ' all Column & 1.000 1.000 1.000 operating cost
Petlyuk Column @ 1.0582 1.608 1.000 P 9 o
Prefractionator 3 1.090 1.701 1.033 * The Prefractionator ranks
- : - 3rd in the TAC value.
Diztributed Sequence @ 1139 2.210 1.039 .
= * The Prefractionator
DuectSequenceI i) 1.160 1.682 111 Operating cost is about 8%
Fartizlly Coupled Prefractionator @ 1173 1.626 1131 less than the operating cost
Side Stripper @ 1.256 1.753 1.210 of the existing Separation
Side Rectifier @ 1.302 1.626 1.272 train Conﬁguration.
Indirect Sequence @ 1.370 1.751 1.334
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1.5.5 Checking the Rest of the
Column Hardware

The Prefractionator configuration has been chosen and modified so that
the existing vessels and trays in the separation train can be reused. The
rest of the existing column configuration may have to be changed.

1. Open the Prefractionator view, go to the Performance tab and select
the CapEx page.

port  Surmar
- Capital Expenditure [$* 2.224e+006
CapEx Operating Expenditure [Cost/vear] 2.763e+006
OnE Total Annualization Cost [Cost/year] 3.187e+006
pEx
Op. Conditions
Sections
Volatiities Colurmn M ame Trayz Diameter Height Cost Index
Prefractionatar Shell 28.00 5.564 m 14.80m 7.992e+005 $~
Uptions ain Column 5hell 55.00 | 8282m| 2915m 1.008e+006 $*
Erchanger Name Area Cost [ndex
Prefractionator Condenser 2099 m2 4.473e+004 3¢
Prefractionator Reboiler 260.8 m2 1.597e+005 §~
Main Condenser 121.2m2 1.237e+005 §*
I ain R eboiler 67.06 m2 8.976e+004 §*

In the Exchangers table, the estimated sizes of the condensers and
reboilers in the Prefractionator column are similar to the existing
condensers and reboilers, except for the Main/2nd Reboiler.
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Figure 7.24

Existing Design Modified Design

Cond1 =123 m2
Reb 1 =278 m?
Cond2=33m? —_
Reb 2 = 34 m?

Cond1 =21m2
Reb 1 = 261 m?
2 Cond2 = 121 m2
Reb 2 = 67 m2

The piping connections/layout of the existing separation train will also
need to be modified.

Figure 7.25

Existing Design Modified Design

In conclusion, the following modifications need to be made to the
existing separation train:

» The main/2nd reboiler needs to be replaced with a larger reboiler.
The heat transfer area needs to be increased by about 33 m?2.
* The pipes network needs to be modified.
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Assume that the calculated
operating cost of the Direct
Sequence view matches the
current separation train
operating cost.

Assume that the current
reboiler can be sold at the
capital cost calculated by
DISTIL.

The cost of modifying the pipe network would be small compared to the
cost of replacing the reboiler, so the payback time for the cost of the
reboiler only will be analyzed.

2.
3.

Open the Direct Sequence view.

Arrange both Direct Sequence and Prefractionator views so you can
see the calculated results from both views.

On the Direct Sequence view, click the Performance tab, then select
the CapEx page.

Subtract the operating cost of the Prefractionator view ($2.763e5/
year) from the operating cost of the Direct Sequence view ($2.971e

year).

6/

The operating cost saved per year is $2.08e° or $1.733e* per month.

Subtract the capital cost of the second reboiler of the Direct
Sequence view ($5.836%)from the second reboiler of the
Prefractionator view ($8.976e%).

The cost difference to purchase the reboiler for the Prefractionator is
$3.14e%.

About $31,400 needs to be invested to purchase the new reboiler, and
the new separation train (Prefractionator) will save about $17,333 per
month in operating costs.

In roughly three months of operation time, the new separation system
will pay for itself.
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>

Simulate icon

7-26

Simulating the Design in HYSYS

16 Simularing the Design in HYSYS

Once you have decided which complex column design is the most
promising candidate to for the styrene separation process, you can
perform a more rigorous simulation on the selected complex column
system using HYSYS.

DISTIL allows you to extract information from the selected complex
column from TPS operation and export the information to HYSYS. Once
in HYSYS, you can perform a more rigorous simulation.

To simulate the column design in HYSYS, you will require HYSYS 3.0 or
higher.

1. To export the Prefractionator column information from DISTIL to
HYSYS, open the Prefractionator view, then click the Simulate icon.

DISTIL will automatically activate HYSYS, add the fluid package,
populate the stream sequence, initialize the column and perform robust
covergence operations.

The extraction option performs a seamless data transfer that reduces
possible copy/paste errors and time required to replicate the complete
column simulation in HYSYS.

2. Double click any of the PFD objects or streams to view the details.
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Figure 7.26
=

Reflux Condenser OWHD-LIG

FEED ToCondenser
Q-T-101_1

o
Reflux  Condenser

CVHD-VAP
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— -

BTTh-LIGQ

Main TS5

ToRehoiler

Q-T-101_856

(b I Reboiler

ToReboiler BTTM-PRD

The figure is a combination of the PFD view from the column environment of both columns.

Refer to HYSYS manuals for Once the selected complex column design is exported to HYSYS, some
information on using HYSYS. of the values calculated by HYSYS will be different from the DISTIL
values.

The difference in values is because DISTIL assumptions are more
relaxed than HYSYS assumptions.

3. From the File menu, select Save As, and save the HYSYS case as
ImportedStyreneSeparationCase. HYSYS will save the file with *.hcs
extension.
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Introduction

8.1 Infroduction

In this tutorial, you will use DISTIL to help you retrofit a column to
accommodate for a 10% increase in the throughput.

Front-end
Process

Reactor Products

Front-end process

can supply
additional
10% feed

New catalyst can
Trays = 26 process additional

Diameter = 4.3 m ~ feed-stock
in the same reactor

How can we retrofit the column to
handle 10% increase in throughput ?

This is an advanced tutorial. It is assumed that you know all the basic
functions of DISTIL. For information about the basic functions, refer to
the User Guide and Separation manual.
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N

Fluid Package Manager icon

=]

Save Case icon

g.1.1 Setting Unif Preferences

Before you begin setting up the simulation, verify that the units
currently selected in the DISTIL preferences are the ones you want to
use.

For this tutorial, the temperature is in Celsius and the cost per time is in
$/year.

1. From the Tools menu, select Preferences.
2. Click the Variables tab, then select the Units page.
3. Inthe Available Unit Sets group, select the Separation - SI unit set.

8.1.2 Defining the Fluid Package

To use the Simple Column operation, you have to generate a fluid
package containing the property package and components required to
simulate the feed stream entering the separation system.

1. Open the Fluid Package Manager.

2. Inthe Fluid Package Manager view, and create a fluid package with
the following parameters and components.

Property Package ‘ Components

Peng-Robinson (Ideal) Ce6, C7,C8, C9

g.1.3 Saving the Case

To save the case, do one of the following:

* Click the Save Case icon.
» Select File-Save command from the menu bar.
» Select File-Save As command from the menu bar.

In the Save Case view, select the saving location and enter the file name
for the case. DISTIL will save the file with *.hcd extension.
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Separation Technology
Manager icon
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Installing a Simple Column

8.2 Installing a Simple Column

After specifying the fluid package for the simulation, you are ready to
use the Simple Column operation.

1. Open the Separation Manager view.

2. Inthe Separation Manager view, select and add the simple column
operation.

3. On the Simple Column view, rename the simple column operation
Existing Design and select the appropriate fluid package.

Figure 8.2

r’Simple Column: Existing Design

Setup
Fluid Package ..i.x| Peng-Robinsorrldeal
Options Componetts [ Selected [

i C6
FRetrofit =

[z}
[z}

ikt
[+

tﬁelup‘ Specifications JSummar_l,l J Perfoimance JF'Iots Mates
= Input feed composition 28 4 A e @B oo

8.2.1 Modifying the Tray Spacing

In this tutorial, the column’s tray spacing is 18 inches. You must check
and ensure the assumed value for tray spacing is 18 inches.

1. On the Setup tab, Options page, click the Capital Cost button in the
Economics group. The Capital Cost view appears.

Click the Column tab, and select the Sizing page.

In the Tray Spacing field, check that the value is 18 inch. If the value
is incorrect, use the down arrow ~|and select 18 inch from the drop-
down list.

4. Click the Close icon x|to close the Capital Cost view.
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=l

8.c.2 Modifying Available Urilifies

In this tutorial, there are only six utilities available in the plant system,

so you will remove almost all the utilities from the DISTIL default utility

database.

1. Open the Utility Database view associated with the Existing Design
view (Setup tab, Options page).

2. Remove all the utilities except for the following:

* LP Steam
*+ MP Steam
e HP Steam (Needs to be modified)
* Very High Temperature
» Cooling Water
¢ Very Low Temperature
3. Modify the HP Steam so the values as follows:

e OQOutlet T: 214°C
e Inlet T: 215°C
* Cost Index: 8.22e-003 Cost/kW-h

Figure 8.3

Mame Inlet T | Outlet T HTC Cost Index ARH ARL DTmin | Vizcosity [Conductivity Density | Eff. Cp Tuoe
] € | [kihm2C] | [Costkwiu] | O] IC] o [cP] | [wimk] | [ka/m3] | [kitkaC] P

LP Steam | o 125.0 124.0 | 2.160e+004 5992 | 1155 -2731 10,00 | 003 0.027 | 55800 | 2136.40 | Steam Reboiler
MP Steam | o 175.0 174.0 | 2.160e+004 £9.38 | 1655 | 1155 10,00 | 005 0.031 | 43300 | 1987.40 | Steam Reboiler
HP Steam | o 215.0 214.0 | 2.160e+004 7201 | 2065 | 1655 10,00 | 0018 0.038 | 421.00 | 170310 | Steam Reboiler
ety High Temperature | o 3000 2933 3996 2807 | 2991 | 2055 10.00 | 0,000 0.000 1.23 1.000 Fired Heater
Cooling Water | A 20.00 26,00 | 1.350e+004 6700 | 3000 | 2950 5.000 | 1.000 0.603 | 998.00 4183 Shell & Tube
Wery Low Temperature | # | -270.0 [ -269.0 4680 280.7 | 2950 | -267.5 2000 | 0007 0.012 227 1.341 Shell & Tube
“hlew - Shell & Tube

Save Default Utilities to File

icon

4. Click the Save Default Utilities to File icon, the Save Heat
Integration Defaults view appears.

5. In the File Name field, enter Tutorial8-utildata and click the Save
button to save the modified utility database.

6. Click the Close icon X|to close the Utility Database view.



8-6 Installing a Simple Column

8.2.3 Specifuing Feed and Product Streams

Once you have selected the fluid package and calculation options for the
Existing Design view, you will specify the feed and product streams

characteristic.

The Feed page allows you to 1. Click the Specifications tab, then select the Feed page.
specify the composition, . . .
pressure/temperature, and 2. Enter the information as shown in the table below:
flow rate of the feed stream.

Object ‘ Value ‘ Object ‘ Value

C6 0.250 (02°) 0.200

c7 0.200 Pressure cell 100 kPa

c8 0.350 Flowrate cell 1000 kgmole/h

The Splits page allows you to 3. Select the Splits page.
control the component splits

in the mixture by selecting the 4. Define the splits information as follows:
components that will be in . .

each of the two product * Light Split: C7

streams. * Heavy Split: C8

r’Simple Column: Existing Design
Specifi Feed Product A
CE CE
Feed 7 7
Splits Eg ce
Product B
c7
cs
]
Light 5plit
c7 -
Heawy Split
Ca -
[~ Optimize Interm. Keys
B Setup Specifications | Summary | Performance | Plotz | Motes
A B R oo

DISTIL automatically begins calculating the variable values of the
complex columns based on the specified product streams.
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5.

Increasing Column Throughput

the Simple Column view to open the Mass Balance view.

’-’Mass Balance: Existing Design

Basis: Mole
Component | Feed [ Products [ ProductB |
CE] ozemo 0.5464 0.0000
C7 0.2000 0.4153 0.0184
ca 0.3500 0.0383 06129
55 0.2000 0.0000 0.3687
Iolar Flowrates: kgmolesh U 1000 457.5 5425
Mszs Flowrates:  kagdh | 1.072e+01  4.258e+01  G.464e+01
Ligwol Flawrates:  m3sh

[ 540

E3.07

a0.92

Click the Overall Mass Balance icon at the bottom right corner of

The Mass Balance view displays the molar, mass, and liquid volume flow

rate of the feed and product streams.
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Refer to Section 5.2.4 -
Column Retrofit Options in
the Reference Guide for the
detailed relationship between
reflux ratio and number of
trays in the column.

8-8

8.2.4 Replicafing the Exisfing Simple Column

The existing column has 26 trays and the tray diameter is 4.3 m. The
number of trays and tray diameter in the Existing Design view needs to
be checked and/or modified to match.

1. Click the Performance tab, then select the CapEx page.

Figure 8.6

¥ Simple Column: Existing Design M=l B3
oo Summar
. Capital Expenditure [$ 7.871e+005
CapEx Operating Expenditure [$*/vears®] B 915e+005
DpEx T otal Annualization Cost [$/vears™] 8.415e+005
Op. Conditions Column M ame Tiaps | Diameter Height Lozt Index
ectiors Column Shell | 23.00 4325 m 1252 m E.E38e+005 3
Wolatilities
Exchanger Mame Area Cost Index
Calumn Condenser 36.93 m2 6.134e+004 $~
Colurnn Rebaoiler 37.52 m2 6.193e+004 $*

Selupl Specifications ISummar_l,l Performance | Plots | Motes

| EE— 0. > B o

*

The Existing Design column contains only 23 trays and shows 4.325 m
for the tray diameter.

The Existing Design’s tray diameter is just a little higher than the existing
column’s tray diameter, so it shall be left alone. The number of trays in
the Existing Design view, however, needs to be modified as it is three
trays short.

The number of trays in the Existing Design column needs to be
increased. The number of trays in the column has an inverse
relationship with the reflux ratio value of the column, so decreasing the
reflux ratio will increase the number of trays in the column.

The Simple Column operation in DISTIL contains an option that will
automatically calculate/modify the reflux ratio based on the number of
trays you specified for the column.

2. Click the Setup tab, then select the Retrofit page.
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3. Enter 26 in the Target # of Trays field, then click the Modify R/RMin
button to begin calculation of the reflux ratio for the specified
number of trays.

On the Summary tab, the column in the Existing Design view now has 26

trays.
Figure 8.7
¥ Simple Column: Existing Design =13
100.0 kPa i -7.940 M
- ELFE 3= Product &
E’ 09291 457.5 kgmoledh
12
Feed ———— >
1000 kgmalesh
[’ 1827
S 9013 k=
4 133.7C
26 Product B
CapEx: 7.947e+005 §* 542.5 kgmole/h reue
OpEwx: B.785e+005
TAC 829904005 | &
Setup | Specifications  Summary | Performance | Plots | Motes
® I 0 T 3 B o

Check the rest of the column’s parameter to make sure they match the
existing column parameters.

Figure 8.8

i Summer The tray diameter is now
. Capital Expenditure [$ 7.947e+005
CapEx Operating Expenditure [§/vears’] E.785e+005 4.287 m.
OpEx Total Annualization Cost [$/years?] 8 299e+005 The heat transfer area of
Op. Conditions Colurnt M arne Tiaps | Diameter Hasight Cost Index the reboiler is 36.23 m2
Sections Column Shell | 26.00 | 4287m | 1389m 672840053 gnd the heat transfer
Yolatiities area of the condenser is
Exchanger Mame Area Cost Index 36.81 m2
Column Conderiser 3623 m2 £ DE5e+004 §* ' '
Colurn Reboiler 36.81 m2 6.123e+004 3~
The second Simple Column 4. Repeat steps #1 in Section 8.2 - Installing a Simple Column to the
operation will be the column step above (#3) and generate another Simple Column operation
with the increased feed flow p . & o p p
rate. which will be the same as the existing column.

5. Name the replicated Simple Column operation Modified Design.
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The simple column operation
will automatically make
modifications to the column
configuration to handle the
increase in feed flow rate.
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Increasing the Feed Flow Rate

8.3 Increasing the Feed Flow Rafe

Now that there are two Simple Column operations replicating the
existing column, the Modified Design column’s feed stream flow rate will
be increased by 10%.

1. On the Modified Design view, enter 1100 kgmole/h for the feed flow
rate. (Specifications tab, Feed page)

Figure 8.9

Feed

CapEx:
OpEs:
TAL:

Satup Specwhcahnns Summary | Peformance | Plotz | Motes

'-,Simple Column: Modified Design

100.0 kPa

—_—|
1100 kgmalesh

100.0 kPa

8.278e+005 $~
7.463e+005
9.041e+005

g

The condenser and
reboiler duty has

D e increase by 10%.
- 3= Product &
E] 09231 5033 kgmolerh
12
H 1.627
9914 MW*4—/
3 chil Product B
596.8 kamoleih
The number of trays
has not changed.
— E: S

2. Click the Performance tab, then select the CapEx page.

Figure 8.10

Perf.

-Surnrnary

CapEx

OpE=

Op. Canditions
Sections

“olatilities

The tray diameter has

Capital Expenditure [$*] 8.278e+005 H
Operating Expenditure [$*/vears?] 7 453e+005 increased to 4.497 m.
Total Annualization Cost [$7/years™] 9041 e+005 The reboiler and condenser
Colurmn Mame Trays | Diamneter Height Cost Index heat transfer area has
Column Shell | 26.00 4457 m 13.89m 5987e+005%°  increased to 39.85 m2 and
40.49 m?, respectively.
Exchanger Mame Area Cost Index
Column Condenser 33.85m2 E.423e+004 §°
Calurnn Reboiler 40,43 m2 £.485e+004 $~

The tray diameter in the Modified Design column has been increased to
compensate for the new feed flow rate. Unfortunately, the cost of

replacing the column vessel and trays is not cost effective. Some other
cost effective column parameter needs to be modified to reduce the tray

diameter.
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8.3.1 Modifying the Pressure

To reduce the tray diameter, consider the factors that affect the tray
diameter:

» Vapour Density. This variable can be manipulated. The value is not
fixed.

» Vapour/Liquid Traffic. This variable cannot be manipulated. The

value is fixed, due to the required/specified composition of the
product streams.

The vapour density has an
inverse relationship with the
tray diameter:

* When the vapour

In this tutorial, the vapour density value will be manipulated to reduce
the tray diameter. The column parameter that manipulates the vapour
density is the operating pressure. Increasing the operating pressure will

density value is small,
the vapour in the
column requires more
space/volume, so the
tray diameter needs to
be large to increase the
volume of the column.

When the vapour
density value is large,
the vapour in the
column requires less
space/volume, so the
tray diameter needs to
be small to reduce the
volume of the column.

increase the vapour density, and decreasing the operating pressure will
decrease the vapour density.

In this tutorial the operating pressure will be increased to increase the
vapour density value, and thus reduce the tray diameter.

1. On the Modified Design view, click the Summary tab.

2. Open the Section 2 view, and increase the operating pressure of the
column to 160 kPa. The following changes occur.

e The tray diameter changes to 4.29 m.
e The number of trays increases to 28.

Figure 8.11

160.0 kPa i -B.912 M~
el Product &
a 1026 9033 kgmole/h
13
Feed
1100 kgmale/h
[’ 1.708
B 10.08 M
LUkFa 153.0C
28 Product B
CapEx: 7.443e+005 $* B596.8 kamole/h raeLe
OpEx 7.592e+005
TiC: 30 2e+005 | &

When the operating pressure of the column increases, the difficulty in
the separation process also increases, so more trays are required in the
column to achieve the required separation.

The Simple Column operation automatically increases the number of
trays in the column to compensate for the increased difficulty in the
separation process.
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Increasing the Feed Flow Rate

8.3.2 Modifying the Reflux Rario

In the existing column have 26 trays, so the modified column is limited
to 26 trays. The automatic modification of the reflux ratio option will be
used again to reduce the number of trays in the column.

1. On the Modified Design view, click the Modify R/RMin button.

Figure 8.12

160.0 kPa i -8, 938 M
9831 C

E] 1031 5033 kgmole/h

Product &

12
Feed EEE—

1100 kgmolesh

[a 1713
107 b=

160.0 kPa = 153.0C
Capfx  7.408e+005 4 596.8 kgmele/h
OpEx: 7.514e+005
TAC: 05 | D

Product B

The Modified Design column contains the correct number of trays and
tray diameter, and is a feasible separation system even when the feed
stream flow rate has increased by 10%. The energy required by the
reboiler and condenser has not changed much either.

The rest of the column, however, should be checked to see if there were
any adverse modifications made to the column configuration to meet
the required separation specifications.

2. On the Modified Design view, go to the Performance tab and select
the CapEx page.

3. On the Existing Design view, go to the Performance tab and select
the CapEx page.
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Figure 8.13

Existing Design Modified Design
Surnmar Summary
Capital Expenditure [$ 79474008 Capital Expenditure [$* 7.408e+005
Operaling Expenditure [$*/vears] E.785e+005 Operating Ezpenditure [$*/vears”] 7.614e+005
Total Annualization Cost [$/years?] 8 299e+005 Total Annualization Cost [$*/vears?] 9.026e+005
Column Name Traps | Diamster Hasight Cost Index Colurnn N ame Traps | Diameter Height Cost ndex
Colurnn Shell | 2600 | 4287m | 1389m E.728e+005 §* Column Shell | 2600 | 423 m | 1383m 5.852e+000 $*
Exchanger Name Area Cost [ndex Exchanger Name Area Cost Index
Colurnh Condenser 36.23 m2 E.0BRe+004 §* Column Condenser .45 m2 5.583e+004 $*
Colurnn Reboiler 36.81 m2 6.123e+004 §° Column Reboiler 78.24 m2 9.952+004 §*

In comparing the heat transfer area between the Modified Design and
Existing Design, you will observe the following:

» The heat transfer area of the condenser from the Modified Design is
slightly less than the Existing Design (31.45 m? < 36.23 m?).

» The heat transfer area of the reboiler from the Modified Design is a
lot more than the Existing Design (78.24 m®>36.81m ).

The reason for slight decrease and large increase in heat transfer area
can be deduced through the temperature differences between the
streams temperatures and the utilities temperatures.

4. On the Existing Design view, select the Op. Conditions page.
5. On the Modified Design view, select the Op. Conditions page.

Figure 8.14

P Simplc Columr: Modiicd Design

Performance || Section 1 2 Performance  ||Section 1 2
e Tap Pressure [kPal 1000 1000 e Tap Pressure (kPal 1600 160.0
OpEx Bottom Pressure [kPa] 100.0 100.0 OpEx Bottom Pressure [kPa] 160.0 160.0
Op. Conditions Pressure Drop [kPa] 0.0000 0.0000 0p. Conditions Pressure Drap [kPa] 0.0000 0.0000
i Top Temperature [C] 80.98 i Top Temperature [C] 98.31
Gectionz Battom T emperature [C] 1337 Gections Eattom T emperature [C] 153.0
Yolatiities R /Rimin 1.058 Yolatilties R/Rmin 1.084

Utility Uzed ooling " ater MP Stearn Utility Used ooling ‘W ater P Steam
Dty [ -7.940 9013 Dty [Mia] -8.938 1011
Shattwork [kw] 0.0000 0.0000 Shaftwork [riw*] 0.0000 0.0000
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6. Compare the temperature differences, in both reboiler and
condenser, for the existing column vs. the simple column.

Existing Design: Modified Design:
98cC
81¢C
530 75C
Condenser: /
200 CW 20C
VS.
175C 1796
MP Steam MP Steam
Reboiler: M 226
134C 153C

From the above figure you can observe the following:

» The temperature difference in the condenser has increased slightly,
so the driving force in the condenser also increases. A slightly
smaller heat transfer area is required to accomplish the heat
transfer.

* The temperature difference in the reboiler has decreased by half, so
the driving force in the reboiler also decreases. A larger heat
transfer area is required to achieve the heat transfer.

7. On the Existing Design view, select the OpEx page.
8. On the Modified Design view, select the OpEx page.

Figure 8.16

Existing Design Modified Design
~Summary —Summar
Capital Expenditure [$+] 7.947e+005 Capital E zpenditure [$7] 7.408e+005
Operating Expenditure [$*/pears™] E.785e+005 Operating Expenditure [$%/uears™] 7.614e+005
Total Annualization Cost [$*/vears®] 8.299e+005 Total Annualization Cost [$*/years®] 9 026e+005
~Heating ~Heating
[ Name | Dty 1 Cost [ Hame | Duty | Cost
| WP Steam 013 M 6.253e+005 $/ves | MP Steam 1011 vt 7.015e+005 $+/yez
~Cooling Cooling
[ Name | Duty | Cost | Name | Dty | Cost
I Cooling ' ater -7.940 Mig 5.320e+004 $*/ez I Cooling ' ater -8.938 Mw>  5.988e+004 $*/ve:
W apour Flowrate Total Shaft 'worl —Wapour Flawrate Tatal Shaft Work
|Heboile| Outlet Y apour [kamole/h| | 8825 Febailer Dutist Yapour [kgmaledh 1 1022
Condenszer Inlet Yapour [kgmole/h] 8825 ’]U'UDUD Condenzer Inlet Vapour [kamole/h] 1022 ’]D'DUUD ‘
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9. Compare the total operating cost between the Modified Design and
the Existing Design.

The total operating cost for the Existing Design view is $6.785e°/year,
and the total operating cost for the SC1 view is $7.614e°/year, so the
total operating cost needs to be increased by about 12% to
accommodate the 10% increase in feed flow rate.

8.3.3 Changing Ulities

The need to change the reboiler to a larger reboiler may not be
recommended due to lack of space or cost effectiveness.

To continue using the same reboiler, the utility used in the reboiler will
be changed to a hotter utility. If a hotter utility is used, there is a greater
driving force in heat transfer, reducing the heat transfer area required.

1. Onthe Modified Design view, go to the Performance tab and select
the Op. Conditions page.

2. Change the utility used in Section 2 to HP Steam.
3. Click the CapEx page.

Figure 8.17

Summary The change in utility from MP

Capital Expenditure [$7] E.926e+005

Operating Expenditurs [$%/pears*] 7.880e+005 Steam to HP Steam has

Total Annualization Cost [$*/years®] 9.199e+005 reduce the reboiler heatz
Column Name | Trays | Diameter | Height Cost Index transfer area to 27.38 m~,

ColumnGhell | 2500 | 4296m| 128am| Ge52e-0053 removing the need for capital
investment for a new reboiler.

Exchanger Name Area Cost Index
Column Condenser NA5m2p 5.583e+004 §*
Calurnn R eboiler 2738 m2 5.162e+004 §*

The change in utility would also affect the operating cost because the
cost of HP Steam utility is slightly higher than the cost of MP Steam
utility. The total operating cost, when HP Steam is used, increases to
$7.880e°/year.

In comparing the total operating cost between the Modified Design and

the Existing Design, the total operating cost increases by about 16.1% to
accommodate the 10% increase in feed flow rate.
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Comparing Options

8.4 Comparing Opfions

DISTIL allows you to evaluate different options quantitatively, present
different options with minimal effort, and access information quickly
and efficiently.

8.4.1 Option 1

Based on the analysis from Section 8.3.2 - Modifying the Reflux Ratio,
one of the options to accommodate the 10% increase in feed flow rate is
as follows:

 Increase the operating cost by 12%.

« Increase the heat transfer area of the reboiler to 78.24 m?.

This option requires a minimum capital investment of $38, 590 to
purchase the new reboiler, assuming the existing reboiler is sold at the
suggested price.

Figure 8.18

Existing Design heat exchanger capital cost SC1 heat exchanger capital cost

Erchanger Name

Area

Cost Index

Exchanger Name

Area

Cost [ndex

Colurnn Condenser

3623 m2

E.065e+004 $*

Column Condenser

.45 m2

5.583=+004 $*

Colurnn Reboiler

36.81 m2

£.123e+004 £~

Calumn Rebailer

78.24 m2

9.982e+004 =

84.2 Option 2

Based on the analysis from Section 8.3.3 - Changing Utilities, another
option to accommodate the 10% increase in feed flow rate is as follows:

e Change the reboiler utility to HP Steam.
 Increase the operating cost by 16.1%.

This option requires no capital investment, however, there is a greater
increase in the operating cost.
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