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Chapter 1 ESP/Process – A Demo 

ESP/Process - Demonstration 
 

 

The Application... 
 

The tour of ESP Process is based on a sample application of ESP, a pH 
neutralization problem.  Suppose we have two waste streams that must 
be mixed together.  One of the streams is an acid stream (in that the pH 
is less than 7.0 at room temperature) and the other stream is a base 
stream.  We know from general chemistry that when acid and base 
streams mix, generally heat is evolved resulting in gases being 
produced.  In addition, if the pH changes significantly, solids may 
form. 

 

We want to treat any resulting gases from this mixing separately (we 
may need to recover the gases for another process) and we also want to 
remove any solids which may form.  Finally, we want to make sure 
that the pH of the resulting liquid has been made basic. 
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Formulating the Process ...  
 

Figure 1-1 on page 8 is a diagram which represents this process in 
ESP.   

MIX1 SEPARATE1 NEUTRALIZE1

Base Waste

Acid Waste

Mixed Waste

Sepd Vapor

Sepd Solid

Sepd Liquid

Caustic Reagent

Neutralized Liq

Process Diagram
pH Neutralization Process

Figure 1-1 pH Neutralization Process (basic) 

Process Inlet Stream Definition 
 
Condition  Base Waste  Acid Waste  Caustic Reagent 
Temperature (C) 40   25   30 
Pressure (Atm) 1   1   1 
Total Flow (mole/hr) 200   150   100 
H2O   55.51   55.51   55.51 
NH3   1.0   0   0 
CO2   0.1   0   0 
SO2   0.1   0   0 
HCL   0   0.1   0 
H2SO4  0   1.0   0 
NAOH   0   0   1.0 
 

MIX1 is a mixer which adiabatically mixes the acid stream and the 
base stream.  The resultant stream has a pH, temperature and 
composition different from those of the inlet streams.  
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The next block chosen is a separator called SEPARATE1.  This unit 
allows us to physically separate the multiphase product stream from 
MIX1 into separate vapor, liquid and solids streams. 

 

The combination of the mixer and separator represents a surge tank.  
Generally, a surge tank would be used in a pH neutralization process 
to dampen flow and composition fluctuations as well as to vent vapor 
release and to settle solids.  

 

The neutralizer block then adds a reagent to adjust the pH of the liquid 
from that of the separator effluent liquid to the desired value. . 

 

The following instructions are designed to take you on a tour through 
some of the interesting features of the ESP Process Analysis facilities. 

 

The Tour Starts Here ... 

 The OLI/ESP program will install itself using default folders. 
These are:  

o C:\Program Files (x86)\OLI Systems\ESP 9.0 

The program will automatically start all program files in the 
following folder:  

C:\Users\<username>\Documents\My OLI Cases\ESP 9.0 

Where <username> is the account where from which you are 
working. 

For this course, we should work in a different directory. Use 
Windows Explorer to create the following set of folders and sub-
folders. 

 C:\Users\<username>\Documents\My OLI Cases\Course 

Of course, substitute an appropriate drive letter. 
 

 To start the OLI/ESP program, double-click the OLI icon on your 
desktop or select OLI from the Start button.  

 

 You will now see the initial window of ESP. We should 
change the working folder to the course folder 
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Figure 1-2 The OLI Main menu with default directory 

 Use the action key (the F10 key) or the mouse to select 
Options from the action line. This will bring up the options 
menu. 

 
Figure 1-3 the options menu 

 Using the mouse or the <Enter> key, select Change 
Directories. 

 

The white line at the top of the 
menu is the Action Line 
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Figure 1-4 Changing the directory 

 You can browse to your working folder or simply type the 
name into the folder box as in the example below: 

 

 
Figure 1-5 changing to the subdirectory 

 Press the OK key to continue 

 Press the <ESC> key to leave the Options menu. 
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 You will now see the initial window of ESP, - "Selecting 
Which Program?".  The line for selecting the ESP 
Process program should be highlighted.   

 Just press <Enter> to access the process simulation system.  
 
 

 
Figure 1-6 The OLI Main Menu. Select ESP Process.1 

 

o Our objective is to produce a computer simulation of a simple 
environmental process made up of three distinct processing blocks.  
This simple process is shown in Figure 1-1 on page 8. 

 

 Assuming you are in the ESP working directory, the first line 
"New Process" is highlighted.   

 Simply press <Enter> and you will be prompted to enter a 
name for this process.   

 Type the name NEUTRAL1 and press <Enter>.  (For 
consistency we will be using all caps throughout tour, names 
are case sensitive.)  

                                                           
1 The other program listed in the OLI Main Menu are displayed depending on the various licensing options purchased by 
the user. 
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After you have been using the 
software for some time there 
may be more than one process 
already listed. By highlighting 
and then selecting an existing 
process you can re-run or re-
edit the process as required. 

Figure 1-7 Entering a New Process 

 

 

 

 

 

 

ESP is still a DOS based 
program. Therefore some 
names that we assign are 
limited by DOS. Once such 
name is the name of the 
process (which is actually a 
file on the hard disk). This 
name (without the extension) 
is limited to 8 characters. 

Figure 1-8 Entering the process name Neutral1 
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Defining the Chemistry Model ... 

 

 You will now see a display which reflects the four distinct steps, 
called Modes, applicable to preparing a simulation: Chemistry 
Model, Process Build, Process Analysis, Summary.  We can begin 
the process by highlighting Chemistry Model and pressing 
<Enter>. 

 
Figure 1-9 Selecting the Chemistry Model 

.  The cursor should be highlighting  "New Model". If not, press the 
up arrow key to highlight it.   Press <Enter>, and ESP will prompt 
for a name for the Chemistry Model.  (Once we enter a given 
combination of chemicals and make a Chemistry Model, that 
Model may be used for many simulations in ESP.)  
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There is no requirement that the 
name of the chemistry model be the 
same as the name of the process. 

 We can also call this Chemistry Model NEUTRAL1.  Now press 
<Enter> and the single chemical H2O will appear at the top of an 
otherwise empty list of inflows.  

 We will now have the option of selecting either our traditional 
Aqueous framework or our newer Mixed-Solvent framework. For 
this example and all the examples in this book, we will be using 
the Aqueous framework. 

 Select the aqueous framework and press the enter key 

 A list of possible databanks will be displayed. Some of these 
databanks are installed with the software and some may have been 
created by local users. We can select them in order by placing 
numbers next to the databank name. For this example we will not 
be using any additional databanks 
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 Press the <enter> key to continue 

 The next step is to enter the names of the other chemicals in your 
system.  Enter the names NH3, CO2, SO2, HCL, H2SO4 and 
NAOH.  Enter each name on a separate line. Simply press 
<Enter> or use the down arrow after entering each name.   

 

You may enter names in lower 
case at this time. The program 
will automatically convert the 
names to upper case as 
needed. 

Figure 1-10 Entering  the species inflows 

 If ESP does not recognize a name, a warning message will appear 
at the bottom of the screen.  If the ESP name for a chemical is 
different than the name entered, ESP will display a message and 



 ESP/Process – A Demo    17 

change that name.  When all names have been entered, simply 
press <Enter> on the next blank field to save your edit. 

 

Most times you will be using 
the default phases. Simply 
press the enter key to 
continue.  

o You will now be prompted for the phases to consider in the 
simulation.  Phases are selected by highlighting the relevant 
phase and then pressing the <Space Bar> as indicated on the 
screen. 

 

Figure 1-11 Selecting Phases, the defaults have ">" 

 

      For this example, we ask that you select the default which is the 
Vapor and Solid Phases in addition to the aqueous.  You make this 
choice by pressing <Enter>.   

 

 You will be asked to confirm that a Model Definition should be 
created.  Answer affirmatively by pressing <Enter> on the 
Continue field.  (Once you have already created a Model 
Definition, you will find it quicker to bypass this step.) 

 
Figure 1-12 Press <Enter> on the continue field to start the calculations 
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 ESP will automatically create a Chemistry Model Definition file 
which will contain the full speciation in all phases implied by your 
chemicals as well as all equilibria between phases and within the 
aqueous phase.  When it is completed you will be prompted to 
press any key to continue.  Press any key to continue. 

 

 After the Chemistry Model Definition has been created, you have 
an opportunity to review the Chemistry Model Definition File.  

 
Figure 1-13 The model definition has been built. Press <Enter> to continue 

 At this point you will be asked to create the rest of the files needed 
for the Model Solver. You should select Continue by pressing 
<Enter>.   

 
Figure 1-14 The second Bypass/Continue screen. Select "Continue” 
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 This step, which serves to create a customized equation file and a 
customized thermodynamic data file, specific to your chemistry, 
takes no more than a very few minutes to complete in most cases.  
When the Generate step is complete you will be prompted to 
"Press any key to continue".  Press any key to continue.  

 

 You will receive a confirming prompt.  Simply press 
<Enter>  on the Exit line to continue.   

 
 

 
Figure 1-15 You can review model reports, select "Exit" for now. 

 

 When the original screen which allowed you to begin 
Chemistry Model is refreshed, you have completed 
preparing the Chemistry Model and you are now free to run 
any number of process simulations utilizing this chemistry 
or any subset thereof.  
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Figure 1-16 Returning to the "Which Mode" screen 

  

We are now ready to proceed with the next step on the tour. 
 

Preparing to Build the Process ... 

 

o We are ready to define the individual unit operations which make 
up the process shown in Figure 1-1 on page 8.   

When you first begin a 
process, no blocks yet exist. 
You will always see the menu 
of unit operations when 
adding a New Block. 

      First, highlight the Process Build line on the current screen and 
then press <Enter>.  Refer to Figure 1-16 on page 20. You will 
now see a series of unit operations (called blocks) groups, each 
containing several ESP Process Blocks.   
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Figure 1-17 Process Unit Operations Menu 

 

The first block we are interested in is Conventional Blocks.  This 
selection should already be highlighted so simply press <Enter> to 
continue.   
 

We will now see several icons for individual blocks that are 
available.  The Mix Block should be highlighted, so just press 
<Enter> to access the facilities for describing the Mix Block.  

 

 
Figure 1-18 Conventional Unit Operations 

 

o The Mix Block schematic will now appear on the screen with the 
cursor set at the Block Name field.  Simply type the name MIX1 
and press <Enter>.   
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Moving around on this screen 
is simple. Use the arrow keys 
to move forwards or 
backwards. Pressing enter on 
a stream will bring up a 
stream definition.  

The <Action Key> will toggle 
you up to the action line (the 
line at the top of the screen). 

Figure 1-19 The mix block for MIX1 

o The cursor is now at the name for the first feed stream.  Simply 
type BASE WASTE and press <Enter>. 

 

o You will now be prompted to fill out the description of the 
physical state of the first feed stream.  You want to simply enter 
the values shown in Figure 1-1 on page  8 for this stream.   

 

 
Figure 1-20 Beginning to enter data for BASE WASTE 

      First, however, you may need to change the default units to metric.  
This is done by pressing the <Action Key> and highlighting the 
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Units facility on the Action Bar.  Once this is done, press <Enter> 
and a units selection window will be activated.   

You are not limited to just the 
standard set of units. Pressing 
the down arrow key to the 
item of interest (like Total 
Flow) and then pressing the 
<Enter> key alters just that 
field. You can also use the 
Mouse and left-click the field 
of interest 

Figure 1-21 Selecting Units 

      Use the right arrow to toggle the first field to METRIC and then 
press <Enter>.  Metric will now be the default for the balance of 
this session.  Now, enter the values shown for this stream as shown 
on page 8.  When all values have been entered, press the <End> 
key or <Esc> key to move along. 
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o You will now be prompted to enter the name of the second feed 
stream.  Simply type ACID WASTE in the (Optional) stream and 
press <Enter>. 

 

 

o Once again, you will be prompted to fill out the description of the 
physical state of the second feed stream.  Again, you should utilize 
the values shown on Figure 1-1 on page 8, but this time there will 
be no need to use the Action Bar to change units.  When this step is 
complete, return via <End> or <Esc>. 

 
 

o You will now be prompted to enter the name of the product stream.  
Simply type MIXED WASTE and press <Enter>.   
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See Appendix J for more 
details about calculations 
types. 

      A window which will ask you for the Type of Equil Calc will 
appear.  Select Adiabatic and press <Enter> to continue.   

 

      You will now enter a screen which prompts for a pressure or 
pressure drop.  Just press <End> to default to the feed pressure2.  
At this point the description of the Mix Block is complete.   

 

      You can use the File facility to exit the block, or simply use 
<Esc>, where you will be asked if you are saving the data.  Save 
should be highlighted, and then press <Enter>.  You can explicitly 
request that the data be checked using the Check Action; however, 
a block is automatically checked for errors and inconsistencies 
when saving the data. 

 

                                                           
2 If no pressure is entered, ESP will default to the lowest inlet pressure for all streams entering this block. 
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Describing the Separator Block ... 
The action line has the 
keyword FLOWSHEET. If you 
have a mouse and it is active 
(a driver has been loaded) 
then you can get a rather 
primitive drawing of your 
process. 

Figure 1-22 NEUTRAL1 existing process blocks 

o You will now see a screen which reflects the Mix Block as well as 
New Block.  Move to New Block and press <Enter>.  The next 
block is also a Conventional Block, so simply press <Enter>.  
Then, use the Arrow Keys to move to the Separate Block and 
press <Enter>. 

 
Figure 1-23 The completed Separator Block 
 

o You should now see the schematic for the Separate Block.  As 
before, you initially need to type a name for the block.  Type 
SEPARATE1 and press <Enter>.  
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A nice feature of ESP is that if 
you press <Enter> on a blank 
line, a list of available 
streams will appear. The 
stream MIXED WASTE is 
now available to connect to 
this unit. 

o You are now being prompted for the feed stream to the Separator.  
Enter the name MIXED WASTE and press <Enter>.  Note that 
you are not prompted for the feed stream state because ESP 
realizes that this stream was a product stream from another block 
(MIX1).  (Note that ESP Process only matches identical stream 
names.) 

o The vapor product stream should be named SEPD VAPOR, and 
the aqueous product stream will be named SEPD LIQUID. 

 

If you did not specify an 
“Organic Stream” and the 
organic phase did exist, then 
the organic liquid ends up in 
the LIQUID stream. 

o You are now being prompted for the organic product stream name.  
Use the down arrow to move to the solid product, since we did not 
include an organic liquid phase in the Chemistry Model for 
NEUTRAL1. 

 

o The solid product stream name is SEPD SOLID.   
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The SEPARATOR block has 
the same calculation types as 
does the MIXER. In fact, the 
separator block is 
recommended over the 
MIXER because phase 
separation occurs on just one 
step. 

o After you finish entering the solid stream name a list of unit 
parameters will appear.  You will be given a choice of 
Entrainment, Equil Calc types or Key Component 

 

      This example has no entrainment so we will skip that choice.  
Select Equil Calc types and then Adiabatic.   

 

 

Enter a pressure of 1.0 atmosphere.  Now press <END>. 
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o Using <END> repetitively to leave the block, the prompt as to 
whether or not to save the description of the Separator appears.  Be 
sure SAVE is highlighted and press <Enter> to check the data, 
save the data, and leave the block. 

 

Describing the Neutralizer Block ... 
 

o You will now see three lines; one for the Mix Block (MIX1), one 
for the Separator Block (SEPARATE1) and one for New Block.  
Move to New Block and press <Enter>.  Then from the 
Environmental Blocks select the Neutralizer.  

Remember, the stream 
pictured at the top of the 
diagram is the reagent 
stream. 

The flow rate of the stream 
will be adjusted to match the 
desired pH of 9.0. The initial 
flow of 100 moles/hr is only a 
guess. 

Figure 1-24 The completed neutralizer block 
 

o You should see the schematic for the Neutralizer Block.  As 
before, the first field to describe is the name for the process.  
Simply type NEUTRALIZE 1 and press <Enter>. 
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The stream which appears at 
the top of the Neutralizer is a 
special type of stream. 

Its flow rate will be adjusted 
to match the target pH set 
below. The value of 100 
moles/hour is only an initial 
guess. 

o The name of the first feed stream?  By position you can see that 
this is the reagent stream.  Enter the name CAUSTIC REAGENT 
and press <Enter>. 

o The window for describing the state of the feed stream will now be 
activated.  The values, already assumed to be in METRIC, should 
be entered based upon the detail provided in Figure 1-1 on page 2-
8.  Once this is complete, simply press <Enter> and then <Esc> to 
move onto the next stream. 

 
Remember, you can press 
<Enter> on a blank line to 
bring up a list of available 
streams. 

o You will now be prompted to enter the name of the second feed 
stream.  Type the name SEPD LIQUID (a product stream from the 
Separator Block) and press <Enter>. 

o The name of the product will be NEUTRALIZED LIQ.  Enter 
that name then press <Enter>. 
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o You will now be prompted to select the type of neutralizer.  Select 
"Fix pH" and press <Enter>.  At the prompt for a value for pH, 
enter 9.0 and press <Enter>, then <Esc> back to the Neutralizer 
schematic. 

 

o Press <Esc> once again to leave the block and press <Enter> to 
Save the information you provided. 

 

o The Process Block Summary shows all three blocks in our process.  
Use the Quit Key to return to the Working in Which Mode 
screen (Figure 1-9, page 14); we are now ready to go to Process 
Analysis. 
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Simulating the Process ... 
 

When selecting Process 
Analysis for the first time for 
a process you can do nothing 
but CALCULATE. 

o We are now ready to execute the simulation.  Select Process 
Analysis and press <Enter>.  

       

     The "home screen" of Process Analysis displays what results are 
available to be viewed.  On this screen Calculate should already 
be highlighted so just press <Enter> to run the simulation. 

The Action Line contains 
many items that may help you 
ease the calculation towards 
convergence. These will be 
explained in a later section. 

Figure 1-25 The Process Analysis Menu 
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o Once the simulation is complete, we will be prompted to Press any 
key to continue.  Press any key and we can then examine the 
results of simulation. 

 

 

Examining the Results ... 

 

o There are two ways to access information generated from the 
simulation.  One is display the Stream and Block results from 
within the Process Analysis mode.  The other is to move to the 
Summary mode, which will allow a report of the Stream and 
Process Block results to be sent to the disk or printer.   

      

 

      In this case, let us stay where we are (the Process Analysis mode) 
and select the Process Stream Results and press <Enter>.   

      Now, various streams of interest can be perused.  We suggest that 
CAUSTIC REAGENT (the flow-adjusted neutralizer feed stream) 
and NEUTRALIZED LIQ (the eventual, pH=9.0, process product 
stream) be reviewed.   
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      The stream listings follow this section. 

This is only a partial listing of 
the CAUSTIC REAGENT 
stream. Notice the <PgDn> 
marker at the lower right 
hand side? That is an 
indication that more 
information is available by 
paging down. 

The view action can alter the 
display of the data, you are 
encouraged to try it  

You can also change units 
here without affecting the 
original set of units. 

Figure 1-26 A partial listing of the Caustic Reagent Stream 
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Caustic Reagent Stream Listing 
Stream  caustic reagent 

Phase  Liquid‐1 

Temperature, C  30 

Pressure, atm  1 

pH  13.723 

Total mol/hr  246.8301 

Flow Units  mol/hr 

H2O  238.2459 

CO2    

NH3    

SO2    

OHION  4.292099763 

CO3ION    

HCO3ION    

HION  1.47E‐13 

HSO3ION    

NH2CO2ION    

NH4ION    

S2O5ION    

SO3ION    

H2SO4    

HCL    

SO3    

HSO4ION    

CLION    

SO4ION    

NH4SO4ION    

NAION  4.292099763 

NAHCO3    

NACO3ION    

NASO4ION    

Total g/hr  4463.751 

Volume, m3/hr  0.004318014 

Enthalpy, cal/hr  ‐16733871.23 

STD Liq Vol, m3/hr  0.001813973 

Density, g/m3  1033750.859 

Vapor fraction    

Osmotic Pres, atm  51.00119878 

Ionic Str, Molal  1.000004507 

Ionic Str, Mol Fra  0.017388885 
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Neutralized Liq Stream Listing                                         
Stream  neutralized liq 

Phase  Liquid‐1 

Temperature, C  39.94873 

Pressure, atm  1 

pH  9 

Total mol/hr  595.0412 

Flow Units  mol/hr 

H2O  584.9244 

CO2  0.000083615 

NH3  1.416527746 

SO2  7.94E‐11 

OHION  0.00044742 

CO3ION  0.019584981 

HCO3ION  0.081659991 

HION  1.77E‐08 

HSO3ION  0.001260168 

NH2CO2ION  0.015450887 

NH4ION  1.70369994 

S2O5ION  6.90E‐12 

SO3ION  0.335733375 

H2SO4  1.00E‐27 

HCL  2.65E‐16 

SO3    

HSO4ION  4.86E‐08 

CLION  0.264970852 

SO4ION  1.59419387 

NH4SO4ION  0.391036293 

NAION  3.616999768 

NAHCO3  0.008250381 

NACO3ION  0.002371294 

NASO4ION  0.66447832 

Total g/hr  10996.85 

Volume, m3/hr  0.01075424 

Enthalpy, cal/hr  ‐40799638.93 

STD Liq Vol, m3/hr  0.01083513 

Density, g/m3  1022559.784 

Vapor fraction    

Osmotic Pres, atm  20.20865893 

Ionic Str, Molal  0.689929697 

Ionic Str, Mol Fra  0.012217998 
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Notice that the blank cells are actually zero values. 

This concludes our tour of ESP Process.  You may now exit the 
program. 
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Problem 1: 
Given two streams with the following composition 

 

A hint: Create a chemistry 
model that encompasses the 
entire problem not just a 
specific part. 

Stream 1   Stream 2 

Temperature  25oC  Temperature  50oC 

Pressure 1 Atm  Pressure 1 Atm 

Flow  1200 g/Hr Flow  150.1 g/Hr 

H2O  1000 g  H2O  100 g 

CaCl2  200 g  Na2SO4 50 g 

CO2  0.1 g 

a)  What is the adiabatically mixed temperature of these two stream? 

b)  What solid phases are present in each stream before mixing and in 
what amount? 

c)  What solid phases are present in the mixture and in what amount? 
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Chapter 2 Process Controllers 

Overview 
Now that we have used ESP in a variety of ways, we will now expand 
on the concepts we have learned. 

ESP is much more than simply linking together several blocks or 
performing parametric calculations. ESP can model complicated 
processes and phenomena. We will now begin to look at two new 
concepts: Controllers and Recycle 

ESP/Process - Controllers 
One of the new concepts  is the use of a unit operation called a control 
block.  Controllers can be employed to set specifications for 
temperature, pressure, pH, composition or flow on any stream in the 
flowsheet and then to adjust appropriate flowsheet unit or stream 
parameters to meet these specifications.   

Frequently the adjustment of pH requires the Neutralizer Block to 
perform a difficult calculation. The calculation is difficult because the 
set point of the Neutralizer may be on the steep part of the titration 
curve or there may be significant phenomenological changes that 
occur while the unit is adjusting the pH. 

Some other parameters that can be controlled are: 

 pH 

 Temperature 

 Pressure 

 Flow 

 Concentration 

 Oxidation/Reduction Potential 

 

Frequently the Neutralizer Block is not a suitable block because: 
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 To control the pH you must adjust another upstream or downstream 
block 

 You need to control something other than pH 

 The set point may be an impossible case 

In the previous chapter, we saw an example of an impossible case. In 
the Emergency Chlorine Scrubber example, we saw that the pH 
versus NaOH concentration reached a limiting value. 

 

Figure 2-1 pH v. NaOH, with a limiting value in pH. 

If the desired pH is 8.0 or greater, then the neutralizer will not work. 

When this occurs, a Manipulate/Control block scheme is more 
appropriate to use. This scheme requires more set up and execution 
time but is an “Easier” mathematical calculation.  

The Application 

 

In this application we will rebuild the example process NEUTRAL1 
using a pH control loop rather than the neutralizer block3.  We 
frequently use a control loop for pH in cases where the set point of the 
controller is near the equivalence point of the solution (an area in 
which mathematical solutions are difficult to obtain).   

We will be re-using portions of the NEUTRAL1 process4 described in 
the ESP Process Tour.  There are several aspects to keep in mind; first 

                                                           
3 We are assuming that you have completed this tour in a previous chapter. 
    4Or use the name you supplied 
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- a chemistry model already exists for this process (NEUTRAL1) so 
you do not need to re-generate the chemistry, second - do not enter any 
information for the neutralizer since we are replacing that unit.  The 
revised process diagram can be seen in Figure 2-2. 

MIX1 SEPARATE1

Base Waste

Acid Waste

Mixed Waste

Sepd Vapor

Sepd Solid

Sepd Liquid

Caustic Reagent

Neutralized Liq

Process Diagram
pH Neutralization Process

with Feedback Control

NEUTALIZE2
MIX

CAUSTIC MANIPULATE
ADJUSTED
CAUSTIC

pH
CONTROL

9.0

 
Figure 2-2 The Revised Neutral1 process with controller 

Formulating the Process 
As a general principle, you 
should make a back up copy 
of the input file before making 
any significant changes. To 
do this, exit ESP start 
windows file explorer copy 
NEUTRAL1.BIN to 
NEUTRAL2.BIN5 

This makes a second copy of 
the file. 

You should be familiar with starting ESP by this point. We will no 
longer be expanding on the basics of the program. We will be 
modifying the Neutral1 process. 

o Select "ESP Process" 

o Select "NEUTRAL1” (or NEUTRAL2 if you made a copy) 

o    Select “Process Build” 

If the process does not exist you will need to recreate it based on the 
instructions in chapter 2.   

 
  

                                                           
5 If you do not see the BIN file extension you will have to enable file extensions for known file types. OLI recommends 
that you use a search engine to find out how to do that. 
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Since the Neutralizer block is no longer needed, we need to delete it. 
On the menu which displays the process blocks, select the File action 
and press <Enter>. 

The File action will bring up 
a menu of choices one of 
which will allow you to delete 
the Neutralizer block. 

Figure 2-3 The existing Neutral1 Blocks 

This will bring up a menu of choices. Position the cursor on Delete 
Block and press <Enter>. 

 
Figure 2-4 The file menu 
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WARNING! This step is not 
reversible. Once the block is 
deleted, it can not be 
recovered. Make backups!!! 

Figure 2-5 Deleting the Neutralizer 

 

A list of the existing block names will be displayed. Position the 
cursor on the Neutralizer Block (this should be the third item) and then 
press <Enter>.  

This will delete the block but not delete any connected streams such as 
the CAUSTIC REAGENT stream. 

The Neutralizer block has now been deleted.  We can now add the 
manipulate and control blocks. 

 

Describing the Manipulate Block 
 

The Manipulate block is a special block in ESP. It is the only unit 
operation that was designed not to mass balance. In other words, what 
comes in does not necessarily equal what goes out. 

The Manipulate block has two basic types, a flow manipulate block 
(the most common) and a component manipulate block. A flow 
manipulate block simply multiplies the inlet flowrate by some factor 
and that becomes the outlet flowrate. 

 

Flowinlet * Factor = Flowoutlet 

 
The component manipulate block is somewhat more complicated. In 
this block, the total flow is constant but the flowrate of a specific 
component is adjusted by the factor. 
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Flow(speciesi)inlet * Factor = Flow(speciesi)outlet 

 
In each case, the Factor adjustable by a controller. 

 

o Now, select New Block and press <Enter>.  Then from ESP 
Control Blocks select Manipulate 

 

 

o You should now see a schematic for the Manipulate block.  For the 
name of the block type in CAUSTIC MANIPULATE.  When 
using control/manipulate blocks it is generally recommended that 
the type of the block (in this case "Manipulate") be included in the 
name.  This makes identifying the block, from a list of blocks, 
easier. 
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A helpful trick is to press 
<Enter> on a blank field. A 
list of available streams will 
be displayed. CAUSTIC 
REAGENT should be on this 
list. 

 Enter the name CAUSTIC REAGENT on the inlet stream.  The 
stream is still available after we deleted the block. If you typed the 
name correctly, the stream conditions should appear already filled 
out. 

o On the outlet stream enter the name ADJUSTED CAUSTIC.  
Again, it is a good idea to name the stream in a manner which 
indicates that a Manipulate block has acted on the stream. 

o Press <Enter> after naming the outlet stream. A blue/white box 
should appear (referred to as the "Parameter List") indicating 
which parameters may be manipulated: Total Flow or Stream 
Components.  Select Total Flow and enter 1.0 as a value. 
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2-6 The value "1.0" is the default value 

o Press the <End> key twice to save this block and return to the 
Process Block list. 

Describing the Second Mix Block 

o Again, select New Block and press the <Enter> key.  Now select 
Conventional Blocks from the menu.  Finally, select Mix as the 
next block. 

o This mix block is similar to the first mix block.  Use the title 
NEUTRALIZE2 as the name. 

o On the first inlet stream enter the name SEPD LIQUID making 
sure you have spelled the stream correctly.  Alternatively, you may 
press the <Enter> key on the blank field and a list of available 
streams should be displayed.  Move the cursor to SEPD LIQUID 
and press <Enter>. 

The stream pop-up list may 
appear to be truncated. Look 
for the name that closest 
resembles your stream. 

o On the second stream press <Enter> and select ADJUSTED 
CAUSTIC from the list.  

o For the outlet stream enter the name NEUTRALIZED LIQ and 
press the <Enter> key. As with the first mixer you will be asked 
for the type of calculation. Select Adiabatic from this list and then 
press <Esc> repetitively and Save the block. 

o Please note: Unlike the previous process, we are not defining the 
set point pH in this block. That will be done in the next block. 



 Process Controllers    47 

Describing the Control Block 

A control block measures some parameter like pH and compares that 
value to a preset value know as the set point. Based on the difference 
from the set point (positive or negative) the controller will adjust the 
Factor of some block. 

In the case of a pH controller, the controller will determine if the 
Factor needs to be increased (adding reagent) or decreased (reducing 
reagent) to match the set point. 

o Select New Block and then ESP Control Blocks.  From this menu 
select Controller. 

o For the name of this block we recommend PH CONTROL once 
again following the recommendation that the type of block be 
included in the name. 

o For the Specification Stream, the stream which will be monitored 
by the controller, press <Enter> on the blank field and select 
NEUTRALIZED LIQ from the list. 

o For the Specification Type: press <Enter> on the blank field and 
select pH.  

o On the next field enter the desired pH of 9.0. 

o In the section "...to be Controlled by Process Block"  Press 
<Enter> on the blank field and select CAUSTIC MANIPULATE 
(please note, the name may be truncated). 

o Finally press enter on Block Parameter and select Factor, Flow 
from the list.  Press the <End> key to leave the block and then the 
<Esc> key to return to the Working in Which Mode screen. 

 

Many of the fields on this 
screen have pop-up lists 
associated with them. 

Try pressing <Enter> on a 
blank field to see what 
appears. 

Figure 2-7 The completed control block 
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Simulating the Process 

Now enter Process Analysis.  

o Position the cursor on Calculate and press <Enter> 

 

The program will first start with our initial guessed flowrate for the 
Caustic Reagent stream (refer to chapter 2). This value was 100 
moles/hr. The pH out of the second mixer (Neutralize 2) will be too 
low (below the set point of 9.0). 

The controller will then adjust the factor on the manipulate block 
(usually increasing it) and the second mix block will be recalculated. 
The pH is analyzed again and the controller either increases or 
decreases the Factor in the manipulate block. When the pH differs 
from the set point by a very small amount, the controller is said to be 
converged. 

Examining the Process 

o Select the Process Stream Results line and view the 
NEUTRALIZED LIQ stream.  In the previous tour the pH was 
exactly 9.0.  Now the pH may be slightly different from pH 9.0 
(higher or lower depending on the current data in the database).  

 The controller has a built-in tolerance of 0.001 pH units. The pH 
on any iteration falls with in ±0.001 pH units the controller is said 
to be "Converged" and the calculation stops in a normal fashion. 

A controller is an iterative 
process. The Parameter value 
is, in this case, the manipulate 
flow factor. The computed 
value is the pH of the 
NEUTRALIZED LIQ stream 
and the set point is 9.0. 

 

When the computed value is 
with in the tolerance (+/- 
0.0001 pH) the controller 
converges. 

Figure 2-8 Process Output with a Controller 
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Revised Neutralized Liq Stream 
Stream  Neutralized Liq 

Phase  Liquid‐1 

Temperature, C  39.94877

Pressure, atm  1

pH  9

Total mol/hr  595.0377

Flow Units  mol/hr 

H2O  584.921

CO2  8.36225E‐05

NH3  1.4164687

SO2  7.94E‐11

OHION  0.000447387

CO3ION  0.019583944

HCO3ION  0.081661429

HION  1.77E‐08

HSO3ION  0.001260255

NH2CO2ION  0.015450579

NH4ION  1.70374805

S2O5ION  6.91E‐12

SO3ION  0.335733287

H2SO4  1.00E‐27

HCL  2.65E‐16

SO3    

HSO4ION  4.86E‐08

CLION  0.264970852

SO4ION  1.594190676

NH4SO4ION  0.391047536

NAION  3.616947248

NAHCO3  0.008250431

NACO3ION  0.002371142

NASO4ION  0.664470271

Total g/hr  10996.79

Volume, m3/hr  0.01075418

Enthalpy, cal/hr  ‐40799402.39

STD Liq Vol, m3/hr  0.01083507

Density, g/m3  1022559.85

Vapor fraction    

Osmotic Pres, atm  20.20862407

Ionic Str, Molal  0.689932913

Ionic Str, Mol Fra  0.012218055
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Problem 3: How much air is needed? 
A commonly asked question is “How can I simulate an open 
container?” One of the items you need to determine is the amount of 
air that the solution can hold. Any more air creates a head space which 
approximates the open container. 

We need to saturate an aqueous solution containing small amount of 
benzene with air. Use the following information: 

Liquid Stream: 

Temperature  30 oC 

Pressure  1 Atmosphere. 

Total Flow  100 mole/hr 

H2O    55.508 mole 

Benzene  .001 mole 

 

Hint: 

Use SetPhase to make the air 
stream all Vapor 

Use a SEPARATE block with 
a vapor stream. 

Use a control/manipulate 
block scheme to set the vapor 
stream to 1.0E-04  mole/hr. 

Air Stream 

Temperature  30 oC 

Pressure  1 Atmosphere 

Total Flow  0.01 mole/hr  

O2   0.21 mole 

N2   0.79 mole 

Saturate the liquid stream with the air stream just so there is just a very 
small amount of vapor. 



 Process Recycles    51 

Chapter 3 Process Recycles 

ESP/Process - Recycle Loops 
 

We have just seen that a control block, combined with mix blocks and 
manipulate blocks, can be used to control the pH of a stream.  
Frequently a process recycles part or all of certain streams back to up-
stream units.  There are many reasons for this including minimization 
of waste, increase of residence time and purification of product. 

 

The Application 
 

This application extends the previous application by adding a new mix 
block, a split block and a recycle stream.  We will be adding sodium 
chloride (salt) to the process to remove some solids from the solution.  
We will then recycle some of those solids back to an upstream unit to 
see the effect, if any, on the amount of caustic required to adjust the 
pH. 

We will be reusing the previous process NEUTRAL16.   

 

                                                           
    6Or the name you supplied or copied. We recommend that you copy the process NEUTRAL2 to NEUTRAL3 
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Figure 3-1 The NEUTRAL1 process with a recycle loop 

Formulating the Process 
 

We are assuming that the 
NEUTRAL1 process currently 
exists. If not, recreate it using 
the information in the 
previous chapter. 

o When selecting the process, use the existing process NEUTRAL1. 

The chemistry model must be modified for this tour (in previous tours 
the chemistry model name was NEUTRAL1.)  Please add the following 
inflows: NACL, NAHCO3, NA2CO3, NA2SO3, NA2SO4, 
NH42SO4. 
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Remember, the model has not 
been completed until you 
reach the final Exit screen. 

You will have to completely regenerate the chemistry model.  

 

Describing the New Mix Block 

 

o Select New Block from the "WORKING IN WHICH MODE?" 
menu, select Process Build section and then press <Enter>.  Then, 
select Conventional Blocks and then select Mix from the list of 
blocks. 

 

o Name the new Mix block an appropriate name.  Since we are 
adding a salt stream we suggest the name SALTER as an 
appropriate name. 

 

o Press <Enter> on the first blank field to access a list of available 
stream names.  Select NEUTRALIZED LIQ from the list and 
press <Enter>. 

 

o On the second blank field, type in the name SALT and press 
<Enter>. The conditions of the stream are as follows: 

 

A common error when 
entering a stream without 
water is to accidentally enter 
the NACL value in the field 
for H2O. Be aware of the 
correct field.  

Temperature 25.000 C 
Pressure 1.0000 Atm 
Total Flow 75.000 mole/hr 
NACL  75.000 moles 
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o There is no water associated with this stream.  Under most 
conditions, we require water as a component.  In those cases were 
we specifically do not want water in a stream, we must use the 
Setphase action. 

 Press the <Action> key and highlight Setphase.   

       

       From the pull-down menu, position the cursor on Solid Only7 and 
press <Enter>.  We have now informed the program not perform 
any aqueous equilibrium on this stream. 

 

o Press the <End> key to save the stream composition. 
 

                                                           
7 The solid only option will calculate only the mass and then molar enthalpy for this stream. All the components in the 
list must have corresponding solids in the chemistry model. 
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o Position the cursor on the outlet stream (if not already there) and 
enter the name SALTED STREAM and press <Enter>. 

 

o On the parameters list which appears after entering the name of the 
outlet stream, select Isothermal and press <Enter>.  On the 
parameters screen, enter 40 oC for the temperature and press 
<End>.   

 

      If the parameter list does not appear, press the <Action> key and 
select Parameters from the Action Line.  Now select Isothermal 
and press <Enter>. 

 

o Press the <End> key to save this block. 

 
 

Describing the Flow Split Block 
 

o As with previous block, select New Block and then Conventional 
Blocks.  Now select the Split Block and press <Enter>. 

o There are three types of split block;  

 Stream Split block in which a stream is divided into 2 or more 
streams,  

 Component Split block in which a specific component is 
divided into 2 or more streams. 

 Material Code Split block in which all the components that 
have a specified material code are divided into 2 or more 
streams. 
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 Select Stream Split and press <Enter>. 

o Type in a suitable name for the split block.  We recommend 
FLOW SPLITTER. Position the cursor on the blank line and 
press <Enter>.  From list of available streams, select SALTED 
STREAM and press <Enter>. 

o For the Outlet1 Stream enter the name PURGE STREAM.  This 
stream will exit the process. 

o For the Outlet2 Stream enter the name RECYCLE STREAM.  
This stream will be recycled to an up stream unit. 

 

o After pressing the <Enter> the parameter list should appear (if it 
does not, press the <Action> key and select Parameters from the 
action line).   

There are three columns in this list.  The first column lists the 
names of the streams leaving the split block.  The second column 
lists the fraction of the flow which will leave through the corre-
sponding stream.  The third column lists the flow of each stream. 

 If an actual flow rate is specified, the program will place that flow 
of material in the designated streams before adjusting the fractions 
of the flow.  When all the specified flows have been accounted 
then the remaining flow is split according the split fractions. 
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o Enter 0.75 for the PURGE STREAM and 0.25 for the 
RECYCLE STREAM and press <End> when done.   

The program will then divide the overall stream flow allocating 75 
percent to the stream SALTED STREAM and 25 percent to the 
stream RECYCLE STREAM. 

 

o Press <End> twice to save this block. 
 
 

Editing the First Mix Block 
 

o We now will modify the original mix block.  Position the cursor on 
the MIX1 block and press <Enter>. 

 

Mix blocks can have up to 7 
inlet streams. When the two 
default fields are defined, the 
Config action allows more 
streams to be entered. 

o Currently there are no additional inlet streams available.  Press the 
<Action> key and select Config.   

    

      A pull-down menu will ask to add an additional stream or delete a 
stream.  Select Add Stream. 
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      The program will inform you that an Inlet Stream is being added to 
the block.  Accept the information by selecting Continue. 

o On the new blank stream line, press <Enter>.  From the list of 
available streams select RECYCLE STREAM and press 
<Enter>.  The outlet of the block FLOW SPLITTER has been 
recycled. 

 

 
Figure 3-2 The first MIX block with the added stream 

 Press <End> twice to exit process build. 
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How does a recycle loop work? 

For ESP to properly calculate a block, all the inlet streams into that 
block must be either an inlet stream or previously calculated. In the 
first two NEUTRAL1 processes, the initial mixer had two inlets which 
we specified. The program found this block initially and the program 
began with that block. 

Things will be different with the added recycle loop. The first mix 
block (the logical starting point for a calculation) now has a stream 
attached to it that has no information. When the program begins to 
start calculating it cannot find a block that has all the inlets to the 
block either previously calculated or initially defined. 

We have to tell the program were to start. We call this activity 
“Tearing” the process. We are actually going to provide an initial 
guess to one of the process streams. In Figure 3-1 on page 52 there are 
five possible streams that can be guessed. These streams are recycle 
streams and have the names: 

This information is available 
to the user as a pop-up menu 
when selecting the tear 
stream. 

MIXED WASTE 

SEPD LIQ 

NEUTRALIZED LIQ 

SALTED STREAM 

RECYCLE STREAM 

We could provide an initial guess for any of these streams. This 
effectively “Tricks” the program into thinking that all of the inlet 
streams are defined. 

Simulating the Process 
 

Processes with recycle streams require some additional information to 
be provided prior to running the simulation.  In processes without a 
recycle stream, the order of block calculation is easy to determine.  
Generally the first block defined will be the first calculated. 

In recycle processes, we must tell the program where to begin 
calculating.  We do this by defining a process stream as a Tear stream.  
Tear streams are treated as normal process entry streams and require 
an initial composition.  These compositions should be representative of 
the process and some care should be taken in specifying the stream. 

 

o Select Process Analysis. 

o Press the <Action> key and select Recycle from the action line. 
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o A list of Recycle Options will appear.  Position the cursor on the 
Select Tear(s) and press <Enter> 

 

o There are 5 possible tear streams.  Reviewing Figure 3-1 on page 
52 will show this more clearly.  Position the cursor on RECYCLE 
STREAM and press <Enter>. 
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If the program returned you 
to a point back on the action 
line, re-select Recycle and 
then Tear Stream Guess. 

o Position the cursor on Tear Stream Guess and press <Enter>  

o Enter the following Tear Stream Guess8: 
 

If NACL does not appear on 
the list, use the Page Down 
key to find it. 

 Temperature  40.0  C 

 Pressure  1.000  Atm 

 Total Flow  200.0  mole/hr 

 H2O   175.0  moles 

 NACL   25.0             moles 

 Note: Any inflows not mentioned should be left blank. 

 Press <End> three times. 
 

o Now proceed with Calculate. 

 Press <End> when done. 

 

o Continue to press <End> till the cursor is on the "WORKING 
WITH WHICH ANALYSIS AREA?" menu.  Position the cursor 
on Calculate and press enter. 

 

In this particular recycle, the 
pH control loop is inside the 
recycle loop. You will see 
many pH loops during one 
recycle loop. 

Unlike the previous tours, this tour will recalculate many of blocks as 
the program attempts to converge the recycle, in other words, to make 
the values in the recycle loop consistent between successive iterations.  
This may take several iterations to complete. 

The program will compare the results of one tear stream calculation 
with the values for the iteration (or initial guess) that preceded it. 
When the values have reached a stable value, the recycle is said to 
have converged. 

Examining the Process 
 

o From the "WORKING WITH WHICH ANALYSIS AREA?" 
menu position the cursor on Process Stream Results and press 
enter. 

 
                                                           
    8 The values for this guess were determined from a previously converged case. This guess will speed up the execution of the 
process. 
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o Determine if any solids have formed in the stream SALTED 
STREAM. 

 

o What is the flowrate and pH of the RECYCLE STREAM? 

 

o How much ADJUSTED CAUSTIC was required?  Was this 
amount different from the non-recycle case? 
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Salted Stream Listing 
Stream  Salted Stream  Salted Stream 

Phase  Liquid‐1  Solid 

Temperature, C  40  40 

Pressure, atm  1  1 

pH  9.328    

Total mol/hr  937.6036  16.42346 

Flow Units  mol/hr  mol/hr 

H2O  756.1266    

CO2  2.97E‐06    

NH3  1.517752539    

SO2  2.45E‐12    

OHION  0.000368377    

CO3ION  0.032818556    

HCO3ION  0.029328382    

HION  2.33E‐09    

HSO3ION  0.000130916    

NH2CO2ION  0.005967322    

NH4ION  3.113966354    

S2O5ION  8.15E‐13    

SO3ION  0.437270695    

H2SO4  1.91E‐29    

HCL  1.65E‐14    

SO3       

HSO4ION  4.17E‐09    

CLION  83.92983842    

SO4ION  3.467068334    

NAHCO3  0.011686019    

NACO3ION  0.036497567    

NAION  88.82835617    

NASO4ION  0.001276099    

NH4SO4ION  0.064600272    

NACL     16.42345594 

Total g/hr  19105.35  959.8355 

Volume, m3/hr  0.0158543  0.000443598 

Enthalpy, cal/hr  ‐60857077.17  ‐1611340.03 

STD Liq Vol, m3/hr  0.01696533  0.000580319 

Density, g/m3  1205058.173  2163753.054 

Vapor fraction       

Solid fraction     1 

Osmotic Pres, atm  448.8187669    

Ionic Str, Molal  7.038638767    

Ionic Str, Mol Fra  0.10226015    
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Recycle Stream 
Stream  RECYCLE STREAM  RECYCLE STREAM 

Phase  Liquid‐1  Solid 

Temperature, C  40 40

Pressure, atm  1 1

pH  9.328   

Total mol/hr  234.4009 4.105864

Flow Units  mol/hr  mol/hr 

H2O  189.0317   

CO2  7.44E‐07   

NH3  0.379438135   

SO2  6.13E‐13   

OHION  9.20942E‐05   

CO3ION  0.008204639   

HCO3ION  0.007332095   

HION  5.83E‐10   

HSO3ION  3.27289E‐05   

NH2CO2ION  0.00149183   

NH4ION  0.778491588   

S2O5ION  2.04E‐13   

SO3ION  0.109317674   

H2SO4  4.77E‐30   

HCL  4.12E‐15   

SO3       

HSO4ION  1.04E‐09   

CLION  20.98245961   

SO4ION  0.866767083   

NAHCO3  0.002921505   

NACO3ION  0.009124392   

NAION  22.20708904   

NASO4ION  0.000319025   

NH4SO4ION  0.016150068   

NACL     4.105863984

Total g/hr  4776.338 239.9589

Volume, m3/hr  0.003963575 0.000110899

Enthalpy, cal/hr  ‐15214269.29 ‐402835.0076

STD Liq Vol, m3/hr  0.01696533 0.000580319

Density, g/m3  1205058.173 2163753.054

Vapor fraction       

Solid fraction     1

Osmotic Pres, atm  448.8187669   

Ionic Str, Molal  7.038638767   

Ionic Str, Mol Fra  0.10226015   
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Adjusted Caustic Stream 
Stream  Adjusted Caustic 

Phase  Liquid‐1 

Temperature, C  30

Pressure, atm  1

pH  13.723

Total mol/hr  228.6581

Flow Units  mol/hr 

H2O  220.7059

CO2    

NH3    

SO2    

OHION  3.976110172

CO3ION    

HCO3ION    

HION  1.36E‐13

HSO3ION    

NH2CO2ION    

NH4ION    

S2O5ION    

SO3ION    

H2SO4    

HCL    

SO3    

HSO4ION    

CLION    

SO4ION    

NAHCO3    

NACO3ION    

NAION  3.976110172

NASO4ION    

NH4SO4ION    

NACL    

Total g/hr  4135.124

Volume, m3/hr  0.004000117

Enthalpy, cal/hr  ‐15501903.33

STD Liq Vol, m3/hr  0.004075671

Density, g/m3  1033750.859

Vapor fraction    

Solid fraction    

Osmotic Pres, atm  51.00119878

Ionic Str, Molal  1.000004507

Ionic Str, Mol Fra  0.017388885

                                   This concludes the Recycle Loop Tour. 
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Chapter 4  Multistage Blocks 

ESP/Process - Emergency Chlorine Scrubber 

 

The Application 

 

An emergency scrubber is to be designed to handle the emergency 
release of chlorine gas from a process. The gas stream contains 
chlorine, carbon dioxide and nitrogen. Caustic (NaOH) is to be the 
scrubbing liquid. 

 

The design specification is to remove 90 % of the total chlorine. There 
is a concern that due to the presence of CO2 that carbonate solids may 
form and plug the scrubber. 

 

Formulating the Process… 

Figure 4-1 on page 68 is a diagram of the scrubber. 
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Figure 4-1 The Emergency Chlorine Scrubber 

The scrubber (also referred to as an absorber) contains a feedback 
controller to control the amount of caustic used to neutralize the 
chlorine. The flowrate of the caustic stream is an initial guess and may 
be larger or smaller when the program finishes.  

It is sometimes useful to perform a simple one stage calculation prior 
to performing a multistage calculation. In this case a simple one stage 
equilibrium calculation was performed using survey feature of the 
OLI/StreamAnalyzer. 

In the following figure, the amount of chlorine in the vapor (as a 
percentage of the total feed) is plotted versus the concentration of 
sodium hydroxide. While this is not a true scrubber, it gives us a 
qualitative view of the chemistry. 

 

 

FC

Emergency Chlorine Scrubber

Caustic
25 oC

1 Atm

1000g/hr total

10 wt% NaOH

Waste Gas
25oC

1 Atm

Cl2 5.8 mol/hr

CO2  52 mol/hr

N2 58 mol/hr

Overhead

Bottoms

3 Stages

25 oC

1 Atm
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Figure 4-2 Chlorine remaining in overhead for Single stage scrubber as a function of NaOH 
concentration 

In the preceding figure, the amount of chlorine in the overhead seems 
to reach a steady value at approximately 15 weight percent sodium 
hydroxide. Adding more NaOH does not seem to make much 
difference and thus would be wasteful.  

 

 
Figure 4-3 pH of bottoms as a function of NaOH concentration 

Plotting the pH response is also very useful. If we had corrosion 
issues, knowing the pH is essential. In Figure 4-3 on page 69 the pH of 
the bottoms are plotted versus NaOH. The pH comes to a steady value 
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at approximately 15 weight percent NaOH. This corresponds to the 
same NaOH value in the chlorine case in Figure 4-2 on page 69. 

 

In general, when the pH of a solution becomes constant, there is 
buffering that has occurred. While most users recognize that buffering 
can be accomplished via buffering agents, buffering can also be 
accomplished via a phase change.  In this case, a solid phase 
(NaHCO3) is appearing above 15 weight percent NaOH. 

 

This is important to note since solids formation in our scrubber may 
foul or render our scrubber inoperable.  

 
Figure 4-4 Sodium Bicarbonate formation as a function of NaOH concentration 

Why does the formation of the sodium bicarbonate solid prevent any 
more chlorine from being absorbed? Let’s start with some basic 
equilibria: 

 

When the solid sodium bicarbonate is forming, this equilibrium exists: 

NaHCO3(s) = Na+ + HCO3
- 

As long as the solid sodium bicarbonate is forming, the amounts of the 
sodium ion and bicarbonate ion remain constant. 

 

The bicarbonate ion dissociates: 

HCO3
- = H+ + CO3
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Since the bicarbonate ion is constant, so is the hydrogen ion and the 
carbonate ion. This is the reason the pH becomes constant. 

The absorption of chlorine gas follows these equilibria: 

Cl2(vap) = Cl2(aq) 

Cl2(aq) + H2O = H+ + Cl- + HClOo
(aq) 

HClOo
(aq) = H+ + ClO- 

Since the hydrogen ion concentration is essentially fixed by the 
formation of the sodium bicarbonate, the chlorine hydrolysis (the 
second reaction) is fixed. This fixes the VLE equilibrium in the first 
equation.  The hypochlorite acid species can not dissociate further 
since it is also fixed by the constant hydrogen ion. 

The Tour Starts Here… 
 

You have already created a 
process and generated a 
chemistry model in a previous 
section. We will not dwell on 
the individual steps here 
rather we encourage you to 
review the steps in the 
preceding chapters. 

o  Switch to the working directory for ESP if you have exited and 
restarted the software. Start ESP as you have done in previous 
steps. 

o  Select ESP Process from the menu.  Select New Process and enter 
the name SCRUBBER and then press <Enter>.  Now you will be 
ready to define the chemistry model. 

 

Defining the Chemistry Model for the Scrubber… 
 

o We have already generated several chemistry models and you 
should be familiar with the concepts. On the screen “Working in 
which Mode” select Chemistry Model and press <Enter> 

As mentioned previously, the 
name of the chemistry model 
does not have to be the same 
as the name of the process. 

o Select New Model from the now growing list of models. When 
prompted for a name of a chemistry model we recommend the 
name CHLORINE. 

       We will use the Aqueous Framework for this example. 

       There will be no additional databanks for this example. 

 

o  Enter the following components, each on a separate line: H2O, 
CL2, CO2, N2, NAOH. 
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Figure 4-5 Inflow list for the Chlorine Model 

o By pressing the <Enter> key you can continue with the creation of 
the model. Since you have already done this several times we will 
not expand on the steps required. Please select all the default 
values and finish the model generation step to return to the 
“Working in which mode screen” 

 

Building the Scrubber… 

 

o As with the previous tour, we will now begin to build our process. 
From the “Working in which mode” screen, select Process Build 
and press <Enter> 

 

Use the arrow keys to move 
around on this menu. 

o Since no blocks have been defined you will on the block selection 
menu Position the highlighted box on Multi-Stage Blocks and 
press <Enter> 

 

If you received the mass-
transfer version of the OLI 
software, you will be asked 
for a choice between a 
standard absorber and the 
mass-transfer absorber. For 
this tour, select Standard and 
press <Enter>. 

o From the Multi-Stage block menu select Absorber and press enter. 
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The optional  mass transfer 
limited absorber requires 
additional information on 
how fast a vapor component 
is transferred to the aqueous 
phase.  

Figure 4-6 Selecting the type of Absorber 

Absorbers may have up to 50 
theoretical stages. By default 
the number of stages is 10. 
We are changing that to 3 
stages. 

o After pressing the <Enter> key you will be on the blank input 
screen for the absorber. Enter a title, we recommend Emergency 
Chlorine Scrubber.   

Push the Down Arrow key to highlight the number 10 in the middle of 
the absorber.  Enter the number 3 and press <Enter>. 

 

o  The cursor should now be on the liquid inlet stream (positioned at 
the top left). The number after the stream field is the stage number 
on which the inlet will be placed. The number may still be 10 
which is OK since the program will update it momentarily. 

 

The stream asks for 10 weight 
percent caustic. This is 10 
grams of NaOH in 90 grams 
of Water (or a 100 grams of 
solution) 

 Enter the name Caustic and then press <Enter>.  The stream 
composition is listed in Figure 4-1 on page 68. Please note the 
units are not our default units. 



 Multistage Blocks    74 

 

o  Press the <End> key to save the data. Push the arrow key down to 
the stream at the bottom left and enter the name Waste Gas. Press 
the <Enter> key to bring up the definition. 

 

o  Please refer to Figure 4-1 on page 68 for the composition of the 
stream.  Please note the change in units. This stream contains no 
water. By default, ESP requires all streams to contain H2O. Since 
this stream does not we will have to specifically tell the program to 
make this a vapor only phase. 

 

Set phase is used when the 
stream we are entering is not 
really an aqueous stream, as 
it is in this case 

o  Press the <Action> key and select Set Phase. Press <Enter> to 
pop-up a menu and then select Vapor Only. Press the <End> key 
to leave the phase selection.  

 

. 

Pressing the <Action> key 
toggles you up to the action 
line. Use the arrow keys over 
to SetPhase and then press 
<Enter> 

 
Figure 4-7 Completed Waste Gas Stream 
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o  The stream is now set to vapor only. ESP will not attempt to 
perform an equilibrium calculation for this stream. Only mass and 
heat content will be determined. Press the <End> key to save the 
stream definition. 

 

We have now completed the inlets to the tower. Up to 10 inlets are 
allowed. Now press the <Enter> key and finish filling out the 
fields as shown in Figure 4-1 on page 4-68 the following figure 
shows the block to this stage. 

 

We are not yet done with the 
entry for this block. If the 
program has not already done 
so, use the <Action> key to 
highlight Parameters and 
then press <Enter>. See the 
text for what to do next. 

Figure 4-8 Scrubber Streams Defined 

Absorbers (as well as other multistage operations) can require a great 
deal of additional information before they can properly execute. In 
addition, this application has a design specification to remove 90 % of 
the chlorine in the Waste Gas feed. This means that of the 5.8 
moles/hour of Chlorine in the feed only 0.58 moles/hour will escape in 
the Overhead stream. 

 

We must begin to add the design specifications as well as provide for 
some initial estimates for the tower. 

 

o  Use the <Action> key  and select Parameters. Press the enter key 
to pop-up a list of parameters (refer to Figure 4-9 on page 76). 
Select Pressure Profile and then press <Enter>. 
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Figure 4-9 The parameter list for an absorber 

 

This is an atmospheric absorber so we will not have to change any of 
the pressure profiles. Press the <End> key to return to the parameter 
list. 
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Estimates are not always 
required. For this absorber 
we could actually skip this 
entire step.  

We recommend that you fill 
out the screens for good 
practice. 

o  Now select Column Estimates and press <Enter>. We need to 
provide initial estimates of the temperatures and vapor rates for 
various stages within the column.  

Values not entered are linearly interpolated between the values.  

These estimates are: 

 No other estimates are required. Use the arrow keys to move and 
enter these values. Use the <End> key move between screens. 

These are the estimates for 
the temperature on stage. This 
is an estimate only and the 
final converged values will 
probably be different. 

Figure 4-10 Temperature Estimations 

 Stage 3, Temperature = 20 oC 

 Stage 1, Temperature = 20 oC 

 

 Stage 3, Vapor Rate = 100 moles/hr. 
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Figure 4-11 Estimating Vapor from the top stage 

 

Feed back control loops are 
also specified as separate unit 
operations which will be 
discussed in a later tour. 

o  The final task is to set up the feedback control loop. We call this 
Spec and controls. Position the cursor on Spec/Control and press 
<Enter>. 

 

 The New Specification dialog box will now appear. Press <Enter> 
on Add New Specification. 

 

 
Figure 4-12 Adding New Specification 
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Our specification is to have 
0.058 moles/hour chlorine 
exiting the absorber in the 
Overhead Stream. 

o A list of possible specification are now display. Us the down arrow 
key to highlight Vapor Component Rate from a Stage and press 
<Enter>. 

 

 
Figure 4-13 Selecting Vapor Component Rate 

o A new dialog will appear requesting the amount of the 
specification and the stage we desire. The stage number is 3 and 
the amount is 0.58 mole/hr. Press <Enter> when done. 

 

 
Figure 4-14 Entering the specifications 

A very common error can 
occur here. If you position the 
cursor on CL2 and just press 
enter, no information is saved. 
The <Spacebar> must be 
used! 

o  The next dialog box will ask for the species we are targeting. In 
this case it is CL2. Position the cursor on CL2 and press the 
<Spacebar>. This will place an “Arrow” next to CL2. Press 
<Enter> when done. 
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Remember to use the 
<Spacebar>!! 

 
Figure 4-15 Selecting Chlorine 

To add to our confusion, now 
we use the <Enter> key 
instead of the <Spacebar>. 

o  We now need to select what will be adjusted to match our 0.58 
moles/hr chlorine. This will be the scrubbing liquid on Stage 3 
(Caustic). The new screen has several options; select Feed stream 
flowrate and press <Enter>. 

 

 
Figure 4-16 Selecting the feed as the control variable 

o  When prompted, enter Stage 3 for the location of the feed. 

 

o  We have now completed the entering of the feedback control loop 
parameters. Select Exit to return to the parameters list. Next press 
<End> to leave the parameters list. 
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Press the <Esc> key to leave the Action line. 

The block is now completed. Press the <End> key to return to the 
Process Build menu. Select Exit to begin to run the simulation. 

Running the Simulation 

We have already run one process and the steps to begin execution of 
this simulation are very similar. 

o We are now ready to execute the simulation.  Select Process 
Analysis and press <Enter>. The "home screen" of Process 
Analysis displays what results are available to be viewed.  On this 
screen Calculate should already be highlighted so just press 
<Enter> to run the simulation. 

o  Once the simulation is complete, we will be prompted to Press any 
key to continue.  Press any key and we can then examine the 
results of simulation. 

 

Examining the results 

o  We first want to see if our design specification worked. From the 
Process Analysis screen select Process Stream Results. 

 

o  Next select the stream Overhead  and press <Enter>. 

 

This is a partial listing of the 
stream Overhead. Note that 
the amount of Cl2 in the vapor 
column is 0.58 moles. This is 
the design specification and 
thus it has been met. 

Figure 4-17 Partial listing of the stream Overhead 
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o Press the <Esc> key to close this screen and then select the 
Caustic Stream. We now want to know how much of the reagent 
was required to meet the specification. 

This is a partial listing of the 
Caustic stream. Remember 
that the initial flowrate was 
1000 grams/hr. 

 

The new flowrate is 2619.5 
grams/hr. 

Figure 4-18 A partial listing of the Caustic stream 

Unlike the previous tour, the absorber has additional information 
known as Block Reports. Some of the information that can be obtained 
are temperature and pressure profiles versus stage and concentration 
versus stage. 

o  Press the <Esc> key  leave the stream summary information and 
then press the <Esc> one more time to return to the Process 
Analysis screen. 

In a more involved process 
there could be many blocks. 
In this case there is only one 
block so just select it. 

o  Select Process Block Results and then press <Enter>.  Now 
select the absorber and press <Enter>. 
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o There are several types of reports that can be viewed. Position the 
cursor on Column Profiles and press <Enter>. 

 

 
Figure 4-19 Block Report list 

 

The temperature and vapor and liquid rates per stage are displayed on 
this report. As you can see the temperatures are much hotter than we 
originally specified. 
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We originally guessed the 
temperatures on the top stage 
and bottom stage to be 20oC. 
As you can see, the top stage 
is much hotter and the bottom 
stage a bit cooler. 

Figure 4-20 Temperature profile for chlorine scrubber 

The original problem also was concerned about any solids that may 
form in the scrubber. While ESP does not calculate any actual solids in 
a column, we do calculate a saturation index also known as a scaling 
tendency. 

 

o  Press the <Esc> to return to the process block report list. Now 
select Scaling Indices and press <Enter>. 

 

 

 

As you can see, some solids 
are less than 0.001. That 
means those solids are not 
likely to form and plug the 
scrubber. 

 

Those solids, like NaHCO3, 
have a scaling index that is 
approaching 1.0. These may 
be of some concern if the 
concentrations increase. 

Figure 4-21 Scrubber Scaling Indices 
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o Press the <Esc> key to return to the Block report menu. Now Press 
it again to return to the Process analysis menu. Now select Exit an 
press <Enter>.  

o Continuing to press <Esc> will eventually exit the program. 

 

The Emergency Chlorine Scrubber Report listing 

The entire report of the scrubber, including all the reports now follows.   
Stream  Caustic  Waste Gas  Overhead  Bottoms 

Phase  Liquid‐1  Vapor  Vapor  Liquid‐1 

Temperature, C  25 25 41.23533 19.82479 

Pressure, atm  1 1 1.000003 1.000003 

pH  14.492       6.648 

Total mol/hr  143.9595 115.8 118.9843 140.3455 

Flow Units  g/hr  g/hr  g/hr  g/hr 

H2O  2357.51    149.3495 2226.741 

OHION  111.3824941       9.31E‐07 

HION  1.60E‐14       4.96E‐07 

NAION  150.563062       147.6303556 

CO2     2288.51532 2274.291874 0.931409389 

CL2     411.2548 41.12548021 0.308394236 

N2     1624.7772 1624.765073 0.012126174 

HCLO        22.96891128 196.5607381 

HCL        1.11E‐09 7.51E‐12 

NAHCO3           10.69896403 

CLOION           53.0460665 

CO3ION           0.013291036 

HCO3ION           10.63150915 

NACO3ION           0.017168196 

CLION           184.9104593 

Total g/hr  2619.456 4324.547 4112.501 2831.502 

Volume, m3/hr  0.002393047 2.826993 3.06356 0.002531497 

Enthalpy, cal/hr  ‐9666406.887 ‐4891235.756 ‐5332638.677 ‐9225079.462 

STD Liq Vol, m3/hr  0.00095792 0.004209363 0.004126821 0.002591771 

Density, g/m3  1094610.86 1529.734081 1342.392637 1118508.744 

Vapor fraction     1 1   

Osmotic Pres, atm  175.6093934       189.7972404 

Abs Visc, cP        0.016450291   

T‐Con cal/hr‐C‐m        19.44419674   

Ionic Str, Molal  2.777961665       2.883913526 

Ionic Str, Mol Fra  0.045492496       0.045756591 
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Emegency Chlorine 
Scrubber 

Block Report 

  

Stage  Temperature  Liquid Rate(molec)  Vapor Rate 
Liquid 
Rate(true)  Pressure    

   C  mol/hr  mol/hr  mol/hr  atm    

3  41.2353  137.778 118.984 143.673  1   

2  29.1523  136.625 119.352 142.834  1   

1  19.8248  134.226 118.199 140.346  1   

                    

Stage  Density(aq)  Cp(aq)  Density(vap)  Cp(vap)  pH 
Ionic 
Strength 

   g/m3  cal/mol/C  g/m3  cal/mol/C     molality 

3  1.10E+06  16.7832 1341.89 7.98709  7.14312 2.7603

2  1.11E+06  17.2119 1468.75 7.94082  6.68976 2.84081

1  1.12E+06  17.5911 1539.51 7.89275  6.64779 2.88391

  

  

========== Vapor Composition ============ 

  

Stage  H2O  CO2  CL2  HCLO  HCL 

    mole fraction  mole fraction  mole fraction  mole fraction  mole fraction 

3  6.97E‐02  0.434316 4.87E‐03 3.68E‐03  2.55E‐13

2  3.52E‐02  0.437382 3.76E‐02 3.90E‐03  3.13E‐13

1  2.01E‐02  0.439474 4.74E‐02 2.40E‐03  1.50E‐13

                 

Stage  N2  NAOH  NAHCO3  NA2CO3.10H2O  NA2CO3.1H2O

   mole fraction  mole fraction  mole fraction  mole fraction  mole fraction 

3  0.487455  0 0 0  0

2  0.485959  0 0 0  0

1  0.490696  0 0 0  0

                 

Stage  NA2CO3.7H2O  NA2CO3  NACL  NAOH.1H2O  TRONA 

   mole fraction  mole fraction  mole fraction  mole fraction  mole fraction 

3  0  0 0 0  0

2  0  0 0 0  0

1  0  0 0 0  0

                 

Stage  WEGSCHEIDER  H2CO3  NA2O  NA3HCO32  NA5H3CO34 

   mole fraction  mole fraction  mole fraction  mole fraction  mole fraction 

3  0  0 0 0  0
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2  0  0 0 0  0

1  0  0 0 0  0

                 

Stage  NACLO             

   mole fraction             

3  0             

2  0             

1  0             

  

========== Liquid Composition ============ 

  

Stage  H2O  CO2  CL2  HCLO  HCL 

    mole fraction  mole fraction  mole fraction  mole fraction  mole fraction 

3  0.897202  9.59E‐05 1.53E‐06 1.25E‐02  1.31E‐15

2  0.883717  1.21E‐04 1.73E‐05 2.51E‐02  2.29E‐15

1  0.880702  1.51E‐04 3.10E‐05 2.67E‐02  1.47E‐15

                 

Stage  N2  NAOH  NAHCO3  NA2CO3.10H2O  NA2CO3.1H2O

    mole fraction  mole fraction  mole fraction  mole fraction  mole fraction 

3  2.45E‐06  0 9.77E‐04 0  0

2  2.71E‐06  0 6.25E‐04 0  0

1  3.08E‐06  0 9.07E‐04 0  0

                 

Stage  NA2CO3.7H2O  NA2CO3  NACL  NAOH.1H2O  TRONA 

    mole fraction  mole fraction  mole fraction  mole fraction  mole fraction 

3  0  0 0 0  0

2  0  0 0 0  0

1  0  0 0 0  0

                 

Stage  WEGSCHEIDER  H2CO3  NA2O  NA3HCO32  NA5H3CO34 

    mole fraction  mole fraction  mole fraction  mole fraction  mole fraction 

3  0  0 0 0  0

2  0  0 0 0  0

1  0  0 0 0  0

                 

Stage  NACLO  OH‐1  CLO‐1  CO3‐2  HCO3‐1 

    mole fraction  mole fraction  mole fraction  mole fraction  mole fraction 

3  0  6.99E‐09 1.48E‐02 1.81E‐05  2.56E‐03

2  0  9.48E‐10 8.97E‐03 2.09E‐06  1.13E‐03

1  0  3.90E‐10 7.35E‐03 1.58E‐06  1.24E‐03
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Stage  H+1  NACO3‐1  NA+1  CL‐1    

    mole fraction  mole fraction  mole fraction  mole fraction    

3  1.56E‐09  8.80E‐06 4.46E‐02 2.72E‐02    

2  3.48E‐09  1.46E‐06 4.52E‐02 3.51E‐02    

1  3.50E‐09  1.47E‐06 4.58E‐02 3.72E‐02    

========== Scaling Tendency ============ 

  

Stage  NAHCO3  NA2CO3.10H2O  NA2CO3.1H2O  NACL    

    SI  SI  SI  SI    

3  0.300357  0 2.46E‐04 6.10E‐02    

2  0.183729  1.77E‐05 0 8.60E‐02    

1  0.259585  4.64E‐05 0 9.36E‐02    

                 

Stage  NAOH.1H2O  TRONA          

    SI  SI          

3  1.46E‐11  3.22E‐04         

2  1.79E‐12  2.67E‐05         

1  6.56E‐13  0         

 

                                                                                          

Problem 2: 

Recalculate the previous tour using 30 weight percent caustic. What 
are the scaling tendencies? 
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Chapter 5 Bio-Treatment (Intro) 

Overview 
Many organic molecules that appear in industrial waste waters are 
fairly resistant to traditional methods of destruction. Biological 
activity, however, can use the waste stream as a source of food. New 
biological organisms are produced while the waste component is 
consumed. 

In the world of computers we 
generally do not like to use 
the term “Bug”. It has a bad 
connotation. 

In this case, with 
biotreatment, the word “Bug” 
is used in a positive sense. 

The life cycle of a microorganism is relatively short compared to 
larger species. Therefore selective evolution can take place inside a 
reactor. A microorganism can be selectively bread to consume a 
particular organic compound or class of compounds. 

Much of the work in biotreatment involves characterizing the organic 
molecule, also known as the substrate, that will be involved in 
reaction. Frequently very little information is known and we must 
estimate some parameters. 

We also must characterize the biomass (bugs). Each bug reacts to a 
substrate in a different manner. We can alter our bioreaction constants 
to account for this. 
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Characterization of the Substrate 
We start off by defining a generalized form of the substrate. 

 

CaHbOcNdCleSfPg  
 

Where C is carbon, H is hydrogen, O is oxygen, N is nitrogen, Cl is 
chlorine, S is sulfur and P is phosphorous. 

Our chemical model uses the substrate on an atom balance (allows for 
rigorous mass balances) rather than on an aggregate molecule. 

Perhaps the most important characteristic is the Theoretical Oxygen 
Demand (ThOD).  

 

COD is the Chemical Oxygen 
Demand. 

ThOD = g substrate COD / mole substrate 

   = (15.9994/2)(4a+b-2c-3d-e+6f+5g) 

 
A useful characteristic is the Chemical Oxygen Demand (COD). This 
is usually 0.95(ThOD) and is often determined by an experiment. 

 

COD = (0.95) ThOD (Range 0.45 to 1.1) 

 
A less useful characteristic is the Biological Oxygen Demand (BOD). 
This parameter is really a quality of the biological availability of the 
substrate. There is quite a bit of variation to this value. 

 

BOD = (?) COD  (Range 0.0057 to 1.1) 
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Substrate Definition 
The substrate may be a specific, identifiable molecule with all of its 
characteristics known. Such a molecule would be Phenol (C6H5OH) 

 

Pseudo components are 
statistical compounds based 
upon correlations. We called 
this compounds “Lumped” 
compounds since may 
individual thermodynamic 
properties are lumped 
together. 

Frequently only some of the substrate characteristics are known. For 
example, perhaps only the ThOD and molecular weight are known. 
Correlations  have been developed that using just this basic 
information we can create a statistical model of the substrate. We refer 
to this as a pseudo component. 

Perhaps only the COD of the molecule is or can be estimated. We can 
still use correlations to develop a statistical model. 

Conversion of  Substrate Flow in g COD/Hr to ESP Feed Stream 
 

CHON stands for Carbon, 
Hydrogen, Oxygen and 
Nitrogen. 

First we need to estimate the molecular size and make up of the 
substrate using CHON, Molecular weight or ThOD. 

 
  

Compound Carbons Hydrogens Oxygens  MW ThOD 

Ethylene Glycol 2 6 2 62.07 80 

Acrylic Acid 3 4 2 72.06 96 

Methyl Acetate 3 5 2 74.08 112 

Benzene 6 6 0 78.11 240 

Hexane 6 14 0 86.18 304 

Toluene 7 8 0 92.14 288 

Phenol 6 6 1 94.11 224 

Styrene 8 8 0 104.15 320 

Cresol 7 8 1 108.14 272 

Glucose 6 12 6 180.16 192 

 

Next we need to convert the substrate flow from COD/Hr to moles/Hr. 

Flow(mole/Hr) = Flow (g COD/Hr)/ThOD (g COD/mole) 

 

When estimating a molecule, it is 
helpful to know what type of 
substrate you have in the waste 
stream. 
 
For example, if you have an acid 
then perhaps selecting acrylic acid 
would be appropriate. 
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Anaerobic Reactions require 
the model to have multiple 
substrates. The reaction 
products of anaerobic 
reactions are the substrates 
for some anoxic and aerobic 
reactions. 

We can use either a single substrate or a lumped molecule in the 
model. In addition, more than one substrate can be specified. 

Characterizing the Biomass 
 

We need a thermodynamic representation of the microorganisms. 
These bugs consume food and produce heat. They also have mass and 
volume which are important for sizing equipment. 

The biomass is assumed to have a molecular formula of: 

C5H7O2N 
Phosphorous is also assumed to be in the biomass (20% of the nitrogen 
value) but is not currently modeled.  

There are some other major constituents of the biomass which we do 
not model. They are: 

We are not implying that the 
bulk solution chemistry is not 
modeled. Only the these 
species in the biomass itself. 

S, K, Mg, Ca, Fe, Na, Cl 

We know that these species are important but have been traditionally 
difficult to measure under process conditions. 

Some other minor species are also not modeled. 

Zn, Mn, Mo, Se, Co, Cu, Ni, W 
Finally, any metals that adsorb onto the biomass itself are not 
modeled. 

The Types of Biomass 

ESP considers four distinct biomass species. 

 

Active, Heterotrophic Biomass 
This is the biomass that consumes the substrate for growth and 
energy. 

Inert, Heterotrophic Biomass 
This is the biomass that no longer partakes in the utilization of 
the substrate. These bugs are “Dead”. 
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Active, Autotrophic Biomass 
These bugs consume carbonates from solution as the source of  
carbon instead of the carbon in the substrate. 

Inert, Autotrophic Biomass 
Deceased bugs. 

The biomass will eventually grow old and begin to die and decay.  The 
decay process converts the biomass back into CO2, H2O, N2, etc. 

 

Biochemical Reactions 
The OLI/Engine Model Generator generates nine reactions 
automatically for each substrate. 

1. Heterotrophic Synthesis 

2. Heterotrophic Energy - Aerobic 

3. Heterotrophic Energy - Anoxic 

4. Heterotrophic Energy - Anaerobic 

5. Heterotrophic Decay - Aerobic 

6. Heterotrophic Decay Anoxic 

7. Autotrophic Synthesis 

8. Autotrophic Energy - Aerobic (Nitrification) 

9. Autotrophic Decay - Aerobic 
 

ESP computes all reaction stoichiometric coefficients based on the 
composition of the substrate. 

ESP can suppress the generation of reactions by altering the 
bioreaction constants. This can be done both in the model and in the 
individual Bioreactor blocks. 

ESP automatically includes all necessary species in the chemistry 
model to support the degradation of the substrate as well as the decay 
products. 

Nitrification/Denitrification reactions are automatically included. The 
concentration of oxygen and nitrates control the reactions. 
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The Reaction Rate Model 
Traditional reaction rate models are used in bioreaction. This 
introduces the concept of time which we have not considered before. 

The OLI Bioreaction model allows the user to modify bioreaction 
constants in both the chemistry model and in the individual 
Bioreactors.  We need to discuss the reaction equation and the reaction 
constants. 

 

The Monod Equation 

The Monod9 equation has the functional form of: 

 

  is the specific growth rate, 
m is the maximum specific 
growth rate, S is the substrate 
concentration and KS is the 
half-saturation constant (the 
concentration of substrate 
were   is 0.5 m. 

SK

S
hr

S

m


  )( 1

 

 

 
  Figure 5-1 Plot of specific growth rate and substrate concentration 

                                                           
9 This is also known as Michaelis-Menton kinetics. See Biochemistry.2nd edition.  A.L.Lehninger, Worth Publishers, 
Inc. New York (1975) page 192. 
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The specific growth rate value can be adjusted by two parameters, m 
and Ks. The rate can also be affected by the substrate concentration. 

 

Heterotrophic Growth Rate 
 

The rate of heterotrophic growth is a function of the specific growth 
rate, substrate concentration and the presence (or lack thereof) of 
oxygen, nitrates and carbonates. 

 

The rather complicated formula is: 

 

We have changed 
nomenclature a bit. The 
previous equation used just  
for the specific growth rate. 
Now we are using H  to 
denote heterotrophic growth. 

))(( 3212 H
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S
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The definition of the constants are: 

 

rHG  Rate of heterotrophic growth, g cell/m3hr 

H  Maximum specific growth rate constant, 1/hr 

S  Substrate concentration, g substrate/m3 

Ks  Half-saturation constant, g substrate/m3 

XAH Active, heterotrophic microorganism concentration, g 
cells/m3. 

When there is a lot of oxygen 
present, this ratio approaches 
1: Aerobic Factor    DOK

DO
A

HO 


,
1  

When the concentration of 
oxygen is low the first part 
approaches 1. If there is a 
large amount of nitrate 
present, the second term 
dominates: Anoxic Factor 
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When there is insufficient 
oxygen or nitrate, the first 
and second term approach 1.  
If sufficient carbonates are 
present:  Anaerobic Factor 

ferm
COCO

CO

NONO

NO

HO

HO n
SK

S
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K

DOK

K
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33
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33

3

,
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Where the constants are: 

 

DO  Dissolved oxygen concentration, g O2/m
3 

KO,H Heterotrophic half-saturation constant for oxygen, g 
O2/m

3. 

SNO3 dissolved nitrate concentration for nitrogen, g N/m3 

KNO3 Half-saturation constant, g N/m3 

SCO3 dissolved carbonate concentration for carbonates g 
C/m3 

KCO3 Half-saturation constant, g C/m3 

ng is a factor. The 
Rateanoxic=ngRateaerobic 

The value is normally 0.8 

ng anoxic growth factor. 

nferm is another factor and is 
0.2 Aerobic. 

Nferm anaerobic growth factor 

 

Heterotrophic Substrate Utilization Rate 

The growth of the microorganisms is the determined parameter in the 
utilization of the substrate. The yield of the reaction also affects the 
rate of substrate consumption. 

 

 
sg

s
HGs CODY

MW
rr

*


 

 

Where rs  is the rate of substrate utilization (g substrate/hr-m3) 

MWs  is the substrate molecular weight (g substrate/mole 
substrate) 

This is the true yield. The 
frequently observed yield also 
includes the decay (apparent 
yield) 

Yg True heterotrophic growth yield 
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CODs Chemical Oxygen Demand of the substrate 

 

Autotrophic Growth Rates 
 

The autotrophic reactions follow a similar functional form to the 
heterotrophic reactions. The autotrophic reactions do not appear to 
take place in conditions other than aerobic. 

))((
44

4
AA

NHNH

NH
AAG XAA

SK

S
r 










 
 

 

rAG  Rate of autotrophic growth, g cell/m3hr 

A Maximum specific autotrophic growth rate constant, 
1/hr 

SNH4  Ammonia N concentration, g ammonia/m3 

KNH4  Half-saturation constant for ammonia , g ammonia/m3 

XAA Active, autotrophic microorganism concentration, g 
cells/m3. 

DOK

DO
A

AO
A 


,
 

KO,A Autotrophic half-saturation constant for oxygen, g 
O2/m

3. 
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Solution Effects upon Reactions 

The following have direct effects upon the reaction rates: 

 

Concentrations of: Substrate 

   Biomass 

A source of confusion is the 
concentration of oxygen. DO 
refers to the concentration in 
the biomass and not the bulk 
liquid.  

 Dissolved Oxygen in the suspended phase 
(DO) 

 Saturation Oxygen in the aqueous phase 
(DOsat) 

   Nitrates 

   Ammonia 

   Carbonates 

Reaction Constants: 

The following have indirect effects upon the reaction rates. 

In general one would expect a 
doubling of the rate per 10oC 
increase in temperature. By 
default, the constants are set 
to zero (no temperature 
dependence. 

Temperature  Arrehnius constants 

Implied effects upon the reaction rates: 

pH 

Trace Nutrients 

Stimulates and Inhibitors 

Toxic species 

 

Biotreatment Unit Operations 
Currently ESP has three biotreatment unit operations. We will discuss 
all three very briefly. For a more detailed description, please consult 
the ESP Manual. 
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Single CSTR without Recycle 
 

In general, we don’t just use a 
single bioreactor. To prevent 
washout we would have to 
make the reactor very large. 

Adding a recycle loop adds 
resonance time and thus 
reducing the size of the 
reactor. 

Additional reactors may be 
used down stream to simulate 
anoxic, anaerobic and 
aerobic conditions. 

 

Figure 5-2 Single Bioreactor. Optional air stream is not shown 

You must specify: 

 

 Feed flowrate and compositions 

 Air Flow (must have O2 and N2 in chemistry model) 

 Reactor Volume 

 O2 mass transfer coefficient (default is acceptable in many cases) 
 

Alternatively you may specify the dissolved oxygen concentration but 
that is not recommended. Frequently the user will over specify the 
reactor and there will be insufficient oxygen available in the feed to 
match the specification. 

The block will compute the hydraulic resonance time (HRT) required 
to prevent washout. The vent stream allows for air stripping from an 
open vessel. 
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Clarifier 

The clarifier is used to settle biomass and recycle part of that solid 
material to an upstream unit. We assume that no bioreactions are 
taking place within the clarifier. 

 
Figure 5-3 a clarifier 

The user must specify any 2 of the following 4 items: 

 

We usually calculate this via 
an upstream bioreactor. 

 Feed Flow and Composition 

 Wastage Flow or Clarifier Area 

 Recycle Flow 

 Total Suspended Solids (TSS) in effluent. 

 

In addition, we have to specify Clarifier Flux Curve if… 

 a) The Clarifier Area was specified  

    or 

 b) Wastage flow was specified but the clarifier area is to 
be computed. 

When material is to be recycled back upstream, the use of TEAR 
streams will be required. 



 Bio-Treatment (Intro)    101 

Single CSTR with Recycle 

This block is not recommended for use and is only discussed to show a 
very simple bioreactor can be set up. The major problem with this 
block is that there can be no suspended solids in the effluent and that 
only one reactor can be simulated.  

If the real reactor has several zones (anaerobic, anoxic and aerobic) 
then this block will not simulate the actual conditions. 

 
Figure 5-4 The unified bioreactor 

 

You must specify: 

 

 Feed flowrate and compositions 

 Air Flow (must have O2 and N2 in chemistry model) 

 Reactor Volume 

 Solids Retention time (SRT) 

 Wastage flow and/or recycle ratio and/or clarifier area 
(choose 2). 

 O2 mass transfer coefficient (default is acceptable in many 
cases) 

 

Alternatively you may specify the dissolved oxygen concentration but 
that is not recommended. Frequently the user will over specify the 
reactor and there will be insufficient oxygen available in the feed to 
match the specification. 

The block will compute the hydraulic resonance time (HRT) required 
to prevent washout. The vent stream allows for air stripping from an 
open vessel. 
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Summary 
Biological treatment is a powerful and flexible method to remove 
hazardous material. The bioreactions can be simulated by adjusting the 
bioreaction constants. 

The unit operations can be combined to simulate complicated 
processes. 

In addition to changing the bioreaction constants to control the 
reaction, the concentrations of oxygen, nitrogen and substrate also 
directly affect the reactions: 

High DO    Aerobic reactions (heterotrophic) 

Low DO, High Nitrates   Anoxic reactions 

Low DO, Low Nitrates, Adequate Carbonates   

 Anaerobic reactions 

High DO   Aerobic Reactions (autotrophic), 
slower than heterotrophic aerobic 
reactions 

High Substrate + Inhibition    Reaction shutdown. 
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Chapter 6 Bio-Treatment (Tour) 

ESP/Process – Biotreatment 
 

This tour of ESP/Biotreatment has been designed to illustrate the 
additional features required to generate a Biotreatment model and to 
simulate a biotreatment case.  This tour makes use of the "Lumped 
substrate" model approach for representing the substrate characteristics 
in the solution. 

ESP/Biotreatment provides for a rigorous set of equations which 
characterize the consumption of a substrate by the biomass.  This 
utilization allows new biomass to be created (growth).  In addition, the 
rendering inactive of the biomass (decay) is also provided for in the set 
of generated equations.  Equations for energy consumption are also 
employed.   

 
 

The Application 
 
 

In this tour, a feed stream contains a substrate for which there are no 
known specific properties (such as the enthalpy of formation of 
phenol).  Rather, only general characteristics such as Theoretical 
Oxygen Demand (ThOD), molecular weight, and stoichiometric 
amounts of the elements are known.  This "Lumped" substrate is 
reacted with the biomass.  Both aerobic and anoxic bioreactions are 
considered in this tour which implies that a source of nitrogen and 
oxygen be added to the reactor. 
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Bio-Reactor
Isothermal 20.2 C, 1

Atmosphere
Reactor Volume 500 cu.

meters
Default O2 Usage

Feed

Air

Vent

Effluent

 
Figure 6-1 The bioreactor without a clarifier 

Stream Composition 
 
Feed       Air 
Temperature 20   C   Temperature 20  C 
Pressure 1.0   Atmospheres  Pressure 1.0  Atmospheres 
Total Flow 41560   Kg/hr   Total Flow 24.05 cu. Meters/hr 
H2O  0.99980  wtfrac   H2O  0.005 mole fraction 
ORGLUMP 0.002  wtfrac   O2  0.207 mole fraction 
NH3  5.0E-06 wtfrac   N2  0.788 mole fraction 
 

 

Formulating the Process 
 

Figure 6-1 on page 104 details the diagram for this process.  This tour 
consists of only one block, a bio-reactor.  The following steps will 
illustrate how to create this process, we will assume that the user has 
already started the ESP program and is waiting for a name of a new 
process. 

 

 Select ESP/Process from the main menu.  Enter the new process 
name BIO1 as the name of the new process. 

 From the "Working in which Mode" menu, select Chemistry 
Model and press <Enter>.  Enter the new model name BIO1. 

 Select the Aqueous Framework 
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 Do not select any private databanks for this tour 
 

Defining the Biotreatment Chemistry Model 
 

Defining the chemistry of a biotreatment model can be tedious. 
Specific syntax is required to properly characterize the substrate.  
Details for this syntax can found in the ESP/Manual.  Fortunately there 
is an easier method of defining biotreatment and that is via the 
AltEntry action. 

 The INFLOW screen should now be displayed with H2O as 
the only inflow species, press the <Action> key and select 
AltEntry.   

 You will be give several choices, choose BioEntry and press 
<Enter>. 

The action line contains the 
item AltEntry. Use the 
<Action> key to select it. 

From the pop-up menu select 
BioEntry. 

Figure 6-2 The Standard Model Inflow list 

This is the pop-up menu for 
BioEntry. 

Figure 6-3 Selecting BioEntry 

There are two types of bioreactions, heterotrophic and autotrophic. 
Heterotrophic reactions consume substrates and nutrients for growth 
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and autotrophic reactions consume only carbon dioxide.  In this tour 
we will consider both types of reaction. 

 
 

Defining the Heterotrophic Reactions 
 

 The screen should initially show that there are no heterotrophic 
or autotrophic reactions defined.  Select Heterotrophic and 
press <Enter>. 

 
Figure 6-4 The main menu for entering bioreactions 

 

 From the new screen, you will be give two initial choices10; 
Biomass Definition and New Substrate. Select Biomass 
Definition. 

 
 

                                                           
    10If you are adding a second substrate or modifying the existing model you may have more than two choices 
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Figure 6-5 Menu for selecting biomass or substrates 

Currently there is only one type of heterotrophic biomass allowed in 
the program.  You must use the default name. 

 

 Press the <Enter> key on the blank line for Active Biomass.  The 
name BUGHACTIV should appear.  This is the only allowed 
name press the <Enter> key to accept the name.  

 On the next line for Inert Biomass, press the <Enter> key on the 
blank line to bring up the name BUGHINERT. Press the <Enter> 
key to accept this name.   
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Press <Enter> on a blank 
field to bring up the default 
names. This saves a lot of 
typing. 

Figure 6-6 Entering the names of the biomass 

 Press the <Enter> key to save this screen. 

We have now returned to the menu for selecting the biomass or 
substrates (see Figure 6-5 on page 107). Position the cursor on New 
Substrate and press <Enter>. 

 

We are now to define a pseudo component as a substrate.  We 
generally refer to this as a "Lumped" substrate since many of the 
characteristics are lumped together in one parameter. 
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 For the Substrate name, enter ORGLUMP and press the 
<Enter> key. 

The name of the substrate can 
be a pseudo component as it 
is in this case or a real 
species (e.g., phenol).  

The program searches the 
PUBLIC database for the 
species, if it is not found then 
an additional message will 
appear. 

Figure 6-7 Entering the name of the substrate 

If the program cannot find 
enough information about 
your substrate in the OLI 
databanks, it will prompt for 
more information. 

Figure 6-8 A warning about missing information 
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 Not all properties for a "Lumped" substrate must be entered 
although a more accurate representation of the substrate is defined 
by more parameters.   

 For this substrate enter 226.4 gm COD/mole for the Theoretical 
Oxygen Demand and 14.0067 gm N/mole for the Total Organic 
Nitrogen. Press the <Enter> key to continue on the blank line. 

 

 
Figure 6-9 Part one of entering information about a substrate 

 Not all of the stoichiometric coefficients are known for this 
substrate although it is known to contain on a per mole basis, at 
.2 moles of Chlorine, .5 moles of  Sulfur and .1 moles of 
Phosphorous.  Enter the following values: 

 

 Chlorine 0.2 

 Sulfur   0.5 

 Phosphorous 0.1 
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When finished entering the 
data, press the <Enter> key to 
go on to the next screen. 

Figure 6-10 Part two of entering information about a substrate 

There are three types of heterotrophic reactions that can be considered.  
By default we consider aerobic reactions (oxygen from O2 is used) and 
anoxic reactions (oxygen from NO3

- is used).  

This can be seen by the (>) which appears next to the reaction type. By 
default we do not consider (but allow for) anaerobic reactions (no 
oxygen used).  There is no (>) next to the Anaerobic reaction type. 

 Verify that the Aerobic and Anoxic reactions are switched on.  
Use the <spacebar> to toggle the reactions.  The Anaerobic 
reaction should be switched off.  Use the <Enter> key to save 
this information. 

 

 

 

 

The <Spacebar> has been 
used to “Toggle” the 
reactions on or off. 

 

Use the <Enter> key to save 
this screen. 

Figure 6-11 Selecting Heterotrophic Reactions 
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 You will be given an option to denitrify just nitrates (NO3) or 
both nitrites and nitrates. We will only denitrify nitrates. Press 
enter on the indicated line 

 

 You should now be on the screen were you may select a new 
substrate.  The substrate ORGLUMP should be displayed.  
Select New Substrate and press the <Enter> key. 

In a more advanced chemistry 
model there could be up to 50 
substrates listed here. 

Figure 6-12 Adding a second Substrate 
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These steps are very similar 
to the previous substrate. 

 Enter the name ACETACID for the name of the substrate and 
press the <Enter> key.   

Acetic acid is a component in the OLI/Databanks and should not 
require and additional information.   

 Verify that on the Stoichiometric Coefficients screen that you 
have 2 carbons, 4 hydrogens and 2 oxygens.  If you do not, press 
the <Esc> key and re-enter the substrate name.  

 Press the <Enter> key when you are completed.  The <Enter> key 
will move you down to the next field till the last field. Pressing 
<Enter> on the last field completes the screen. 

 Verify that both Aerobic and Anoxic reactions are switched on 
and that Anaerobic reactions are switched off. Press the <Enter> 
key when done. 

 Select only Dentrification of NO3 only   

 Press the <End> key to return to the Bio-Entry screen 

We have now completed the definition of the heterotrophic reactions.  
We now need to define the autotrophic reactions. 

 

Defining the Autotrophic Reactions 

You should have been returned to the main BioEntry menu (see Figure 
6-4 on page 106.) There are no selectable substrates for the autotrophic 
reactions so we do not need to diverge and specify any substrate 
parameters. 
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 Position the cursor on Autotrophic and press <Enter> (note: 
there should now be an arrow next to Heterotrophic).  

 

 There are two types of Autotrophic reactions. We will select 
the One-Reaction Model (NH3->NO3) 

 There is only one type of autotrophic biomass thus please 
select the defaults of BUGAACTIV and BUGAINERT. This 
done my pressing the <Enter> key on the blank fields. 

 

o When returned to the screen to select the type of bioreaction, select 
Exit and press <Enter>. 

 

Completing the Generation of the Bio-reaction Model 
 

We have now completed entering the information for the chemistry of 
bioreaction.  We should now have returned to the List of Inflows.  
Initially the list contained only water.  Now the list contains many new 
species.  The user may add to this list if desired. For this tour we will 
not add any additional species. 
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 The generation of the model is standard from this point forward.  
Press <Enter> to finish the list of inflows. Select Finished and 
press <Enter>.  

 Press the <Enter> key on the "INCLUDE WHICH 
MODELS/PHASES" since we will be accepting the default 
phases.  

 Press enter on Continue to generate the model. 
 

After a few brief moments, the program will generate the chemistry 
required for the simulation.  This chemistry file can be viewed at a 
later time.  

An important item are the inclusion of the new bio-reactions.  The 
word BIOREACTION appears on the screen that states: "The Model 
Definitions Contains these Sections:" 
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If necessary, we can “Tune” 
the bioreaction constants. 
They may also be tuned in the 
bioreactor block. 

In this case we will use the 
Sections action to modify the 
bioreaction constants. 

Figure 6-13 The second step in the model generation with Bioreactions 

Frequently the bioreaction constants need to be "Tuned" based on 
experimental data.  We can tune our reactions via the Sections action. 

 

 Press the <Action> key and select Sections.  This will display 
a pull-down menu.  Position the cursor bar on BioReactions 
and press <Enter>. 

 
Figure 6-14 The Sections pop-up menu 

 You will now be able to modify the current slate of 
bioreactions.  Since we previously specified that there will be 
both Heterotrophic and Autotrophic reactions, the blue/white 
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box at the right-hand side of the screen has an arrow (>) next to 
both reactions.  Position the cursor bar on Heterotrophic and 
press <Enter>. 

 
Figure 6-15 Beginning to modify the bioreaction constants 

 Currently there are two substrates in this model, ORGLUMP, and 
ACETACID. Position the cursor on ORGLUMP and press 
<Enter>.  

 You can now modify the bioreaction constants or temperature 
dependence on both the rate of growth and the rate of decay. 
Position the cursor on Constants and press <Enter>. 

 

 Not all constants need to be modified.  Change the following 
values for ORGLUMP: 

 

 RATE  0.2 

 YIELD 0.3 

 DECAY 0.022 

 KSUB  22 

 ANAF  0 

 

 Press the <End> key when done. 
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Here we are entering some 
non-default values.  

Having default values is a 
nice feature since you may not 
know initially what 
parameters are important. 

The Range is only a 
suggestion. 

Figure 6-16 Entering non-default values 

 

 You will be returned to the top level bioreaction screen. Once 
again position the cursor on Heterotrophic and press <Enter>.  

 Now select ACETACID as the substrate by positioning the cursor 
on ACETACID and press <Enter>.  

 Position the cursor on Constants and press <Enter>.  As with the 
previous substrate, change the following values for ACETACID:
  

 RATE 0.36 

 KSUB 40 

 ANAF 0 

 Note: There are fewer values to be modified in this case: 

 Press then <End> key when finished. 

 

 Once again you will return to the top level bioreaction screen. 
Position the cursor on Autotrophic and press <Enter>. 

 

Autotrophic reactions do not degrade a specific substrate, rather they 
used available carbon dioxide and ammonia for their reactants.  
Therefore there are no substrates to choose from.   

 Position the cursor on Constants and press <Enter>. 
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 Change the following constants for the autotrophic reaction: 

 

 RATE  0.02 

 YIELD 0.1 

 

 Press the <End> when finished. 
 

 For the final time you will be returned to the top level bioreaction 
screen. Position the cursor on Exit and press <Enter>.  

 Press <Enter> on the "The Model Definitions Contains these 
Sections:" screen.  

 Press the <Enter> key to begin generating the model.  Select 
Continue and press the <Enter> key. 

 

The program will now complete the generation of the model.  When 
on the final screen where Messages, Species, and Bioreactions 
appear, press the <Enter> on Exit and return to the "WORKING IN 
WHICH MODE?"screen. 

 

Building the Process 
 

We have now completed the chemistry required to simulate the 
process.  Building the process is similar to other units that we have 
looked at previously. Refer to Figure 6-1 on page 104 for a diagram of 
the block. 

 

 Position the cursor bar on PROCESS BUILD and press <Enter>.  

 Since there are no existing blocks for this process, the main build 
selection screen is displayed.  Position the cursor on Biotreatment 
Blocks and press <Enter>. 

 

There are only two types of Biotreatment blocks.  

 

Activated Sludge Simple Configuration 

A single bioreactor with up to seven inlet streams, an optional vent 
stream and an effluent stream.  If dissolved oxygen is specified, a 
separate air stream is recommended. 
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 Clarifier 

A unit which settles the solids in the effluent at a user supplied rate, a 
recycle of the solids is also specified by the user. These values may be 
directly specified or implied from other specified values. 

 
 Position the cursor on Activated Sludge Simple Configuration and 

press <Enter>. 
 

Initially there is only one inlet to the unit.  We will add an additional 
feed to this unit using the Config Action.  This additional feed will 
contain only air. 

 

 Enter an appropriate name for this bioreaction. We recommend 
bioreactor. Press <Enter> to move the cursor to the blank feed 
line.  

 Type in the name Feed and press <Enter>.  

 You will be prompted to enter the composition for this feed.  
Please enter the following values, pressing the <End> key when 
done: 

 

Notice that these units are 
somewhat different from the 
set we have been using. Use 
the Units action to change 
units. 

The order of the species 
on this list may be 
different than the order on 
your screen. 

 TEMPERATURE  20  C11  

 PRESSURE   1  ATM 

 TOTAL   41560  KG/HR 

 H2O    0.99980 WTFRAC 

 ORGLUMP   0.0002  WTFRAC 

 NH3    5.0E-06 WTFRAC 

 Enter the name Vent for the vent stream and press <Enter>.  

 Enter the name Effluent for the effluent stream and press 
<Enter>. 

 

You should now have the parameter list automatically pull down from 
the action line.  If not, press the <Action> key and select Parameters. 

Position the cursor on Computation Option and press <Enter>. 

                                                           
    11Use the <action> key to select UNITS if these are not the currently selected units. 
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Figure 6-17 Bioreactor parameter list 

 

 Of the two choices, Adiabatic and Isothermal, select 
Isothermal and press <Enter>. The reactor will be run at 20.2 
oC and 1 atmosphere.  Press the <End> key to save this 
information. 

 

Note: The units may be in 
liters. 

 Next select Reactor Volume and press <Enter>. Specify a reactor 
volume of 500 m3. Press the <End> to save. 

We use the term Default 
values for the bioreaction 
constants in a slightly 
different manner. We mean 
that the default values are the 
ones we modified (if any) 
during the generation of the 
chemistry model. 

 When returned to the parameter list, press the <End> key since we 
will not be modifying either the Oxygen Use (the default of Mass 
Transfer Coefficient @ 100/hr is used) or BioReaction Constants 
(the default values are used). 

The block is nearly complete but we must first add an air stream. 

 

 Use the <Action> key to select Config from the action line.  
The program will ask to select Recycle, Wastage or Inlet.  
Selecting either recycle or wastage implies that there is a 
Clarifier present in the unit.  Selecting these options will 
update the screen by adding a Clarifier.  Position the cursor on 
Inlet and press <Enter>.12   

                                                           
    12If you inadvertently select either Recycle or Wastage and therefor create a Clarifier simply use the <action> key to reselect 
Config and toggle off the erroneous stream. 
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 Next select Add Stream  

 Position the cursor on the new blank line and enter the name Air. 
Enter the following composition and press the <End> key when 
done13: 

 

Please notice that we 
have changed the 
units! 

Also, if O2 and N2 are visible 
on the stream definition, us 
the <Page Down> key to find 
them. 

 TEMPERATURE 20  C 

 PRESSURE  1  ATM  

 TOTAL FLOW 24.05  m3/Hr 

 H2O   0.005  MOLEFRAC 

 O2   0.207  MOLEFRAC 

 N2   0.788  MOLEFRAC 
 

We have now finished creating the bioreactor.  We now need to save 
this block and proceed to analyzing the process. 

 

 Press the <End> key to save and exit this block.  

 Position the cursor on Exit and press <Enter>.   

 
 

Simulating the Process 
 

We should now be back at the screen "Working in which mode?".  
We are now ready to simulate this process. 

 

 Select Process Analysis from the "WORKING IN WHICH 
MODE?" screen.  

 If the process has not been simulated previously the cursor bar 
should be on the Calculate line.  If not, position the cursor on 
Calculate and press <Enter>.  

 When the process states Press any to continue... press the 
<Enter> key. 

  

                                                           
13 We could have used <SetPhase> and set it to Vapor Only, similarly to what we did in the Process/Recycle tour. Since 
this stream contains H2O it was not required.. If a stream contains H2O, the program will attempt an equilibrium 
calculation. In this case the result was a vapor only stream. 
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Reviewing the Process 
 

As we did for the Emergency Chlorine Scrubber tour we will look at 
additional information for the block. This information is found in the 
Process/Block reports.14 

 

How much substrate was utilized? 
 

There are two methods of determining this value.  The first is by 
reviewing the Stream Reports.  The second is by reviewing the block 
reports. 

 

 Select Process Streams Results and press <Enter>.  

 Now position the cursor on the Effluent stream.  Initially there 
was .0002 wtfrac (20 ppm) of ORGLUMP in the Feed stream.  
Now there is approximately 0.000043 wtfrac (~4.1 ppm).15   

  

                                                           
    14Normally we consider a process to be made up of streams.  On occasion, there is information which is not unique to a 
stream.  In those cases, a process block report is created. 

15 If you get different values, check your units, you may be in Molefrac. 
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Effluent Stream Summary 
  
Stream  Effluent  Effluent 

Phase  Liquid‐1  Solid 

Temperature, C  20.2  20.2 

Pressure, atm  1  1 

pH  3.298    

Total mol/hr  2306732  22.60215 

Flow Units  wtfrac  wtfrac 

H2O  0.9997723    

NH3  9.83E‐12    

ORGLUMP  4.30419E‐05    

OHION  2.48E‐13    

HION  5.32E‐07    

NH4ION  1.34755E‐05    

N2  1.77731E‐05    

O2  6.27E‐07    

CO2  8.71996E‐05    

H2SO4  3.31E‐20    

HCL  1.52E‐15    

SO3  3.30E‐24    

H3PO4  6.28E‐07    

H4P2O7  9.89E‐15    

CLION  7.09E‐06    

CO3ION  1.02E‐14    

H2P2O7ION  6.36E‐12    

H2PO4ION  9.08E‐06    

H3P2O7ION  6.13E‐13    

HCO3ION  1.07E‐07    

HP2O7ION  3.89E‐15    

HPO4ION  1.25E‐09    

HSO4ION  1.69E‐06    

NH2CO2ION  1.46E‐16    

NH4SO4ION  4.24E‐07    

P2O7ION  5.16E‐21    

PO4ION  1.34E‐18    

SO4ION  4.60286E‐05    

BUGHINERT     0.038371972 

BUGHACTIV     0.961628028 

Total g/hr  41562272  2556.683 

Volume, m3/hr  41.63969  0.000834788 

Enthalpy, cal/hr  ‐1.58E+11  11142670.46 

STD Liq Vol, m3/hr  41.68277  0.002556683 

Density, g/m3  998140.8553  3062673.959 

Vapor fraction       

Solid fraction     1 

Osmotic Pres, atm  0.122432673    

Ionic Str, Molal  0.001754467    

Ionic Str, Mol Fra  3.16045E‐05    
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 Press the <Esc> key until you are back to the main Process 
Analysis screen.  

 Now position the cursor on Process Blocks Results and press 
<Enter>.  

 There is only one block in this process so position the cursor on the 
block (if not already there) and press <Enter>. 

 

There are eleven different reports for this block.  They are summarized 
below: 

 

Characteristics 

These are the general characteristics for the bioreactor.  Included are 
the reactor volume, oxygen usage, reactor duty (if isothermal) and the 
minimum HRT for both heterotrophic and autotrophic reactions. 

 

Flows 

This is a summary of all the feeds and effluent to and from the reactor. 
 

Feed, Effluent and Wastage Compositions 

The flows are further broken down into substrate and biomass flows 
rates on a mass and COD basis. 

 

Concentrations 

The concentration of the substrate, oxygen, nitrogen and biomass are 
displayed for the feed and for the reactor. 

 

Multiple Substrate Summary 

A summary of both the feed and the reactor concentrations of all the 
substrates in the simulation.  Both mass and COD values are reported. 

 

Nutrient and Molecular Utilization 

The required amount of nutrients for both heterotrophic and 
autotrophic growth are displayed.  The amount of oxygen utilized is 
also displayed. 
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Cell Production and Substrate Utilization 

The growth yield and substrate utilization are reported. 
 

BioReaction Rates 

The amount of growth and the amount of decay for the biomass is reported. 
In addition, the amount of growth attributed to a particular reaction is 
assigned. 

 

BioReaction Constants 

The reaction constants used for this simulation are reprinted. 
 

Clarifier Sizing 

The sludge concentration, solids flux, area and solid retention time is 
reported if a clarifier was present in the process. 

 

!Warnings for this case 

Any warnings or additional information are displayed. 
 
 

 Position the cursor on Concentrations and press <Enter>. 

 The concentrations report should now be visible.  The total feed 
concentration of the substrate was approximately 200 mg/l. In the 
reactor (after bioreaction has occurred) the concentrations 43 mg/l.  

 In addition, this report shows that the minimum substrate 
concentration is approximately 2.7 mg/l.   

 

What was the HRT16 for this process? Was there enough time for heterotrophic growth? Was 
there enough time for autotrophic growth? 

 

 If you have not already done so, press the <Esc> to return to 
the BioReactor report list.  

 Now position the cursor on Characteristics and press 
<Enter>. 

                                                           
16 Hydraulic Residence Time 
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An HRT of exactly zero 
indicates that either the 
reaction was turned off or did 
not occur to any significant 
extent. 

The HRT for this process is approximately 12.008 hours.  The 
minimum time for heterotrophic growth is approximately 8.4 hours. 
Thus there is sufficient time for heterotrophic growth.  The minimum 
time for autotrophic growth is 0.0  hours. There is insufficient time for 
autotrophic growth.  

  

This concludes the Bioreaction Tour. 
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Problem 4: Removal of Fluoride as Calcium Fluoride. 
 

Soluble fluoride is the sum of 
all fluoride species that does 
not precipitate or end up in 
the vapor phase. 

A waste stream containing hydrofluoric acid (HF) is to be treated with 
either calcium chloride (CaCl2) or calcium carbonate (CaCO3). This 
treatment is to removed most of the fluoride as an insoluble salt 
(calcium fluoride - CaF2). To meet environmental regulations the 
resultant stream must have a pH > 2.0 and a soluble fluoride 
concentration <10 PPM (by weight). 

You are given these three streams: 

 

 HF Stream CaCl2 Stream CaCO3 

Temperature   (oC) 25 25 25 

Pressure          (Atm) 1 1 1 

Flow               (pounds/hr) 6187.2 800 800 

HF                  (pounds) 12.2 0 0 

H2O                (pounds) 6175 760 760 

CaCl2             (pounds) 0 40 0 

CaCO3           (pounds) 0 0 40 

I) What is the pH of each stream? 

II) a) What is the pH of the resultant stream when HF and 
CaCl2 are mixed.? 

Hint: switch the output 
display to WTFRAC. Sum up 
all the Fluoride species and 
then multiply by 1,000,000. 

 b) What is the concentration (in ppm) of the soluble 
fluoride species? 

 

 c) Does this treatment comply with the regulations? 

III) a) What is the pH of the resultant stream when HF and 
CaCO3 are mixed? 

 b) What is the concentration (in ppm) of the soluble 
fluoride species? 

c) Does this treatment comply with the regulations? 
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Chapter 7 Dynamic Simulation 

Overview 
DynaChem is the primary dynamic simulation component of the ESP 
family of software. Specifically, DynaChem allows for description of 
one or more processing streams and, where applicable, process control. 
The entire system is solved on an unsteady-state (time-dependent) 
basis. 

DynaChem is supported by the extensive OLI thermodynamics already 
discussed17. The OLI databases also support DynaChem. The 
architecture of the program is such that the user need know only the 
names of the chemicals involved and not the detailed chemical 
reactions. 

The philosophy of DynaChem is based upon discrete, modular 
computation of “Process” units. The term process is a general term in 
this case referring to any chemical system. This can range from a 
traditional chemical process to a geological system being altered by 
the environment.  

                                                           
17 See “A Guide to Using the OLI Software” 



 Dynamic Simulation    130 

Comparing Dynamic versus Steady-State Simulations 
We have explored the capabilities of ESP and have seen the power of 
the tool. The only major aspect not covered in ESP is the effects of 
time on a process. It is true that some unit operations (i.e., Bioreactors) 
do very with time but on the whole, ESP is a steady-state simulator. 

It is helpful to look at some of the differences between a steady-state 
simulator and a dynamic simulator 

 

 Dynamic Steady-State 

Variation with time Yes No 

Effects of Upsets Yes No 

Physical Configuration Important Unimportant 

Graphical Display Important Less important 

Interrupt Facilities Important Less Important 

Flowsheeting Important Important 

 

DynaChem Attributes 
There are many attributes to DynaChem. These are but a few: 

 

 Modular (flow sheeting capability with recycles) 

 Dynamic (unsteady-state) 

 Access to All OLI Thermodynamics and 
Chemistry 

 Multiple and interaction process control loops 

 Interactive forms-driven input and graphical output 

 Interactive with process interrupt and real-time 
intervention 

 Real-time process unit display and graphical 
display. 
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Applications 
DynaChem has been used to study a variety of processes.  These 
processes include (but are not limited to): 

 

 pH Controlled Neutralization  

 Multistage Column Controllability during startup 
and upsets 

 Batch Distillation and Batch Reactors 

 Vessel Pressure Control 

 Evaporators 

 Ion Exchange Columns 

 Deepwell injection of Hazardous Waste 

 Oil well formation protection 

 

Concepts 
DynaChem is based on two distinct concepts - a unit and a node. A 
unit, as opposed to a unit operation, can be one of three types: 

1. Entry Unit 

2. Tank 

3. Pipe 
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Each unit will be described in a few moments. Each unit has the 
following characteristics: 

 

 Each unit accumulates mass and energy 

 Homogeneous 

 At equilibrium 

 Either constant volume (Pipe) or varying volume 
(Tank) 

 
 

There is a special type of node 
called and Energy Node 
which is just a collection 
point for energy in transit. 

Heat exchangers can be built 
with Energy Nodes. 

A node is a collection point for mass and energy in transit between 
units. The concept of a node is analogous to the Stream Name in 
ESP/Process. 

 
Figure 7-1 A generic view of a unit 

How does time affect all of this? 

DynaChem breaks the flow of time in to discrete packets called time 
increments.  These packets arrive at a node and then are taken into the 
unit. When the calculation is done, the packet is placed at the 
downstream node. 
  

UnitUpstream nodes Down stream nodes
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Let’s look at an example of packet movement. 

Let’s start with three tank units, each partially filled with liquid, and 
one entry unit. The process looks like this: 

 

 
Figure 7-2 The process at time=0 

On the first time increment (time=t1) some information at node 1 (the 
number above the black dot is the node number) is placed into the first 
tank. The equilibrium is established and the results are placed at node 
2. 

 

The gray tank indicates that a 
new equilibrium condition 
exists in that tank. 

Figure 7-3 The process at time=t1 

We now begin the second time increment (time=t2).  Now since there 
is information at node 2, some information is placed into the second 
tank and equilibrium is established.  The results are placed at node 3. 
There is still information at node 1 so that information is placed into 
the first tank and equilibrium is re-established. The results are placed 
at node 2 once again. 

 

The different patterns in the 
tanks indicate different 
equilibrium conditions. 

Figure 7-4 The process at time=t2 

As we begin the third time increment (time=t3) material is available at 
node 3. As before, the information is placed in the third tank and 
equilibrium is established. The results are placed at node 4. As with 
the previous time increments, information from node 2 enters the 
second tank, computed and placed at node 3. Information at node 1 is 
placed into the first tank, computed and placed at node 2.  

This will continue till the last time increment (user specified) is 
reached. 

1 2
1

3 4

1 2
1

3 4

1 2
1

3 4
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Figure 7-5 The process at time=t3 

The Units 
Here we will briefly describe the DynaChem units. 

The Tank 

Tanks are varying volume units. The sum of vapor, liquids, and solids 
does not have to remain constant. 

 
Figure 7-6 The DynaChem tank 

You must specify the geometry of the tank (2 of 3 are required): 

The letter m refers to meters. 
All of DynaChem’s units are 
in metric units. 

 Cross Sectional Area (CSA) in m2 

 Maximum Level in m 

 Maximum volume in m3 

In addition, the level (in meters) of the exits must also be specified. A 
bottom volume (optional) can also be specified. 

The initial conditions of the tank must also be specified: 

 Temperature 

 Pressure 

 Initial Volume 

 Composition 

The tank can start empty. 

1 2
1

3 4

Tank
Upstream Nodes

Max=10

Downstream Nodes

Max=10

Level of Exit

Bottom Volume
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Some properties of the exit streams are: 

 Fluids flow though the exists up to the limit set by 
a valve 

 Liquid and suspended solids will flow only 
through exits at or below the level in the tank. 

 Liquid and suspended solids will flow 
preferentially through exits from bottom to top. 

 Vapors flow preferentially through exits from top 
to bottom. 

 All available fluid will exit through an unvalved 
line. 

 

The Pipe 

The pipe is a constant volume unit. The sum of vapors, liquids and 
solids must remain constant although the ratio of the phases may 
change. 

 
Figure 7-7 The DynaChem pipe 

 

 
 

You must specify the geometry of the pipe (2 of 3 are required): 

 Cross Sectional Area (CSA) in m2 

 Maximum Level in m 

 Maximum volume in m3 

Pipe

Down stream nodes
Max = 10

Upstream nodes
Max = 10
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The initial conditions of the pipe must also be specified: 

 Temperature 

 Pressure 

 Initial Volume 

 Composition 

The pipe can start empty. 

In addition, the discharge temperature of the pipe may also be 
specified. 

Some attributes of the exits are: 

 Sufficient fluid will exit to main a constant 
resident volume 

 Fluid (combined liquid, solid and vapor) will flow 
preferentially though exits with valves up to the 
capacity of each valve. 

 Any remaining fluid will flow through the first 
entered unvalved exit. 

 

The Entry Unit 
Scheduling flows is good 
method of introducing upsets. 

This is a special unit in that no geometry is required. Rather this is 
how material enters the simulation. the entry units can be full flow, 
partial flow, and scheduled flow. Entry units do not necessarily require 
downstream valves. 

 

 

 

 
Figure 7-8 The DynaChem entry unit 

 

 

 

 

Downstream nodes only

Max =1
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The attributes of the Entry unit are: 

 

 Valve (Optional): Restricts volumetric flow 

 Initial Conditions must be specified 

 Scheduled flows are permitted 
 

Schedule 1: Start Time (hr) ts1 
   Duration (hr) td1 
Schedule 2: Start Time (hr) ts2 
   Duration (hr) td2 
   Ramp time (hr) tr2 
Up to 10 schedules can be specified per Entry. 

 

The simplest variation of 
Entry flow is to simply 
provide for no duration or 
start time. This ensures full 
flow from the beginning of the 
simulation. 

Figure 7-9 A example plot of scheduled Entry flow 

Valves and Controllers 
The DynaChem units are calculations which consider the chemistry of 
the simulation.  Very frequently we need other operations which 
restrict, accelerate or control the flow of material.  These are the valves 
and the controllers. 

 

The Valve 

 
Figure 7-10 A valve 

 

Some of the attributes of a value are: 

Flow

Time

Max

ts1 ts1+td1 ts2 ts1+tr1
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 Limits the flow to a node 

 Maximum of 1 value per node 

 May be either manual valves (stem position set by 
the user) or automatic valves (stem position set by 
a controller) 

 Valve Specifications must be set, Capacity (Cv), 
linear or equal percentage, rangeability and or 
pressure functionality. 

 

Control Loop 
 

 
Figure 7-11 A simple Control Loop 

 

Some of the attributes of a controller are: 

 Retrieves a Measured Variable 

 Computes the Error: Measured value-Set point 
value 

 Adjusts the valve stem position based upon the 
specified control algorithm. 

 The measured variables are: Temperature, 
Pressure, pH, Level, Flow, Composition. 

 

Controller Algorithms 

PID Controller (Proportional Integral Derivative). 

 Specify Set Point 

Measured

Variables

Control Loop
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 Specify Controller Parameters: Gain (Kc), Integral 
Time, Derivative time, Valve Constant (Bias) 

 Velocity Algorithm 

 Positional Algorithm 
 

This controller may be “Tuned” while DynaChem is executing. 

 Any control Parameter may be changed during 
interrupt 

 May change any set point or valve stem position 
during interrupt. 

 

Ratio Control 

 Specify Ratio 

 PID Controller Set Point = Ratio*Measured 
1Value 

 Can be “Tuned” 

 
Figure 7-12 Ratio Control 

 

 

Dead Band Control 
 

 Specify Lower and Upper Set Points 

 Between the Set points the Error is 0.0 (no action 
taken) 

 
 

Measured

Variable 1

PID

Controller

Ratio

Controller

Measured

Variable 2
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Summary 
DynaChem is a powerful and flexible tool for simulating time-
dependent processes. The simplicity of the units allows for a great deal 
of flexibility in creating processes. 

  



 DynaChem Tour    141 

Chapter 8 DynaChem Tour 

 

Overview 
 

In this section, we would now like to illustrate the use of DynaChem, 
the dynamic component of ESP. 

The application we have chosen for illustration involves the pH- 
control neutralization of a basic (NH3) stream using an acid.  This 
example is a simplified illustration of an important environmental 
pretreatment application.  In this illustration we will utilize both pH 
and temperature control.  

 
 

Create the Chemistry Model Definition 
 

First we must define the chemistry for this system.  The name for the 
Chemistry Model we will use is PHDYNA.  The system will be 
composed of H2O, CO2, NH3, HCL and we will be considering the 
aqueous and vapor phase. We will also be using the Aqueous 
Framework and use no additional databanks. 

 

We have created numerous 
chemistry models by this 
point. One nice feature of ESP 
is that its models can be used 
in DynaChem without 
modification 

To create the Chemistry Model in ESP, simply select ESP Process and 
define a New Process called PHDYNA18.   

Then select Chemistry Model and define a New Model also called 
PHDYNA.   

The Inflows H2O, CO2, NH3, HCL can be entered, and then the 
Phases can be selected. Complete the generation of the chemistry 
model as you have done in previous chapters. 

When you complete the Chemistry Model, simply <Esc> repetitively 
until you return to the main menu of ESP “Selecting which 
Program.”  ProChem is in the OLI Toolkit. 

                                                           
18 This process name will not be used in the DynaChem simulation. 
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Next we will use ProChem's dynamic modeling component, 
DynaChem, to <CONTINUE> the analysis. 

 

 

ENTERING DynaChem 
 

Having finished creating the chemistry model definition, the ESP enter 
the Toolkit and select the DynaChem component of ProChem.  
ProChem Menu listing ProChem's components will be displayed on 
your screen.   

 
Figure 8-1 ESP Main menu, select OLI Toolkit 

 

Select OLI ToolKit from the menu. 
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Figure 8-2 the OLI Toolkit Menu, select ProChem 

Select ProChem from the menu. 

 
Figure 8-3 ProChem menu. 

From the list of choices on ProChem's Menu, choose 3, DynaChem, 
and press <CONTINUE>. 
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Figure 8-4 The DynaChem Main Menu 

 
                                                                                

This menu lists all possible DynaChem functions, in the order you 
would access them.  To start our DynaChem simulation please choose 
1, Create a DynaChem input file, and press <Enter>. 

 

You will see a screen that prompts for the ProChem model name. 
Enter PHDYNA to reference the PHDYNA Chemistry Model we 
generated.  At the ProChem case prompt, press <ENTER> to accept 
the PHDYNA default as the case name, also.  The screen should look 
like this: 
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The case name does not have 
to be the same (and frequently 
isn’t) as the model name. 

Note: the ESP process name 
you used in the model 
generation: PHDYNA does 
not actually exist on the disk. 
The case name illustrated 
here is actually a different file 
type. 

 
Figure 8-5 Selecting the DynaChem model and naming the DynaChem case 
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Creating a DynaChem Case 
 

Once DynaChem has the Chemistry Model and Case name, the 
DynaChem Input Menu appears.  It is shown below:  

 

Figure 8-6 The DynaChem Case Edit Menu 

 

When editing an existing DynaChem case, the user is able to edit 
distinct portions of the Case Input File, by selecting one of the option 
numbers from this menu. 

Alternatively, and for this PHDYNA example,  Option 1 can be 
selected to step through the basic options for DynaChem case input.   

A schematic diagram for the neutralization tank is shown in Figure 8-7 
on page 147. As shown in this diagram, there are three feed streams 
(steam feed, basic feed, and HCl feed), one mixing tank, five valves, 
and two control loops.  The steam feed is for temperature control and 
the HCl feed is for pH control.  
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Tank
Unit 3

T

pH

1

2
3

4

Valve 5

Valve 1

Valve 2

Valve 4

Valve 3
Unit 1,Entry
Steam

Unit 2,Entry
Base

5

C.Loop 1

Unit 4,Entry
Acid

C.Loop 2

 
Figure 8-7 The diagram of the example process 

 Enter a 1 now and press <ENTER> to CONTINUE. 
 
 
 

DynaChem Input Option 2:   Time Specifications 

 

This screen allows the user to enter the case title, the time increment, 
and the end time.  The use of DynaChem is to describe the dynamic 
behavior of the system with a discrete model.  The smaller the time 
increment, the closer the discrete model approaches the real process.  
However, the smaller the time increment, the greater the computation 
time required to simulate a given period of time.  Therefore, a 
compromise has to be made. 

The proper time increment should be selected on the basis of 
producing no significant difference in the system response upon using 
further smaller values.  For the PHDYNA example, a time increment 
of 0.0001 hour is used.  The neutralization process will be simulated 
for a period of half an hour.  Therefore, the END TIME is 0.5 hour. 

This screen also allows the user to <CONTINUE> simulation from a 
previous run and to specify the time interval for saving results to the 
restart file. 

The screen, including the user entries, is shown below. 
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Figure 8-8 Entering Time Specifications 

 

DynaChem Input Option 3:  Unit specifications 
 

This next screen prompts for the unit number, unit type and unit 
description.  In DynaChem there are three basic unit types: ENTRY 
(feed streams), TANK, and PIPE.   

For the PHDYNA example, there are four units.  Unit number 1, 2, 
and 4 are assigned to the three feed streams.  The mixing tank has unit 
number 3.  These unit numbers are arbitrary and may be any integer 
from 1 to 100.  For the feed stream, the unit type is ENTRY.  For the 
mixing tank, the unit type is TANK.  

The screen with the user entries should look like this: 
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Figure 8-9 Top level unit specifications 

After pressing <CONTINUE> and leaving the previous screen, you 
will see a series of eight screens corresponding to the four units.  The 
first four screens prompt the user to provide physical configurations of 
all the units.   

For an ENTRY unit, these include the downstream node number, the 
start time (default=0), the duration (default=0), and the ramp time 
(default=0).  For a TANK unit, the user needs to give physical 
characteristics of the tank, the upstream and the downstream node 
numbers, and the exit levels.  Detailed description of each entry can be 
obtained by pressing the HELP key.   

You can also refer to the schematic diagram of the neutralization tank 
for the node numbers associated with each unit.  Again, these node 
numbers are arbitrary and must be unique. 

The last four screens require you to specify the initial states of each 
unit including temperature, pressure, flow rate, volume, and 
composition. 

After the Unit Specifications Screen for Mixing Tank (3), four screens 
appear to prompt you to enter the quantity of solids and vapor 
suspended in the liquid solution, liquid entrained in the vapor and 
liquid dissolved in the solid solution.  Press <ENTER> four times to 
<CONTINUE>. 
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1Unit 1,Entry
Steam

 
Figure 8-10 Entering Unit 1 (Steam Feed to Tank) with downstream node #1 

 

 
Figure 8-11 Specifying the start time for Entry 1 
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1
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Figure 8-12 Adding Unit 2, the Basic NH3-CO2 feed with downstream node #2 

 

 
Figure 8-13 Specifying the Start time for Entry 2 
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5

 
Figure 8-14 Adding the Unit 3 tank with upstream and downstream nodes, notice that Node #5 
has not yet been defined 

 
Figure 8-15 Specifying the configuration of the Tank Unit 

Press <Enter> on the Kinetics Time Step screen since we do not have reaction kinetics 
in this model. 
 

 
8-16 Press Enter on this screen 
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Figure 8-17 Adding the Unit 4 HCL Feed to Tank, node #5 is now defined 

 
Figure 8-18 Specifying Entry 4 
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Figure 8-19

Tank
Unit 31

2
3

4
Unit 1,Entry
Steam

Unit 2,Entry
Base

Unit 4,Entry
Acid 5

 

 

There are several items on 
this screen which are different 
from other screens. 

No vapor time is the time after 
which the vapor phase is not 
considered. No equilibrium 
time is the time after which 
the equilibrium calculation is 
not performed for this stream. 
Non-standard refers to if the 
stream is not really aqueous. 

These entries are  really  mole 
ratios were the amounts of 
each species is normalized to 
the total flow. 

Figure 8-20 Entering the composition for the Steam Feed 

 

Defining the 
Entry Unit #1, 
Steam feed to 
tank 
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Figure 8-21 

 
Figure 8-22 Entering the composition for the NH3-CO2 feed 

  

Defining 
Entry Unit 
#2, NH3-CO2 
Feed 
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Figure 8-23 Filling tank 

 
Figure 8-24 Entering the initial composition for the tank 

 

Filling the tank with 
initial conditions 
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Figure 8-25 Entering the final feed conditions 

 
Figure 8-26 Entering the composition for the HCl feed 

DynaChem Input Option 4:  Valve Specifications 

Valves are used to restrict the flow of mass and energy in order to 
achieve the desired process conditions.  The screen on the next page 
requests general information about each valve.  Inputs required for 
each valve are a unique valve number, the Downstream Node number, 
the capacity, and the valve type.  The valve number need not be the 
same as the Downstream Node number.  A linear valve type is the 
default. 

 

Following the next page, there follow five consecutive screens, one for 
each of the five valves.  For each valve, you need to specify Pressure 
Function, Rangeability, and Valve Override.  The default Pressure 

Defining the Acid 
feed 
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Function has been selected for each valve.  For linear valve, the 
Rangeability is infinitely large.  Just press NEXT FIELD to skip this 
entry field.  All six screens exhibit the entries that you are required to 
make.     

 

For Valves 1, 2, and 4 which are not associated with any control loops 
and remain fully open, the Valve Override is 1.  For Valves 3 and 5 
which are associated with the control loops and are initially closed, the 
Valve Override is 0. 

 

Once finishing Valve Specifications, press <CONTINUE> to move to 
the next screen. 

 
Figure 8-27 Top level valve specification 
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Figure 8-28 Adding Valve 1 

Note: the current valve 
number is displayed on the 
top line. 

 

 

 

 

 

 

The default valve override is 
0. You will change the value 
to 1 here. 

Figure 8-29 Specifications for Valve 1 

 

Valve 1 Starts open 
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Figure 8-30 Specifying Valve 2 

 
Figure 8-31 Specifications for Valve 2 

  

Valve 2 Starts open 
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Figure 8-32 Specifying Valve 3 (starts Closed) 

 

 

 

 

 

 

 

 

 

Note: we are using the default 
of zero for this valve. 

Figure 8-33 Specifications for Valve 3 

Valve 3 Starts Closed 
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Figure 8-34 Specifying Valve 4 

 

 

 

 

 

 

 

 

Once again we are using 1 to 
override the default of 0 

Figure 8-35 Specifications for Valve 4 

  

Valve 4 Starts Open 
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Figure 8-36 Specifying Valve 5 (Starts Closed) 

 

 

 

 

 

 

 

 

 

Finally, we again are using 
the default value. 

Figure 8-37 Specifications for Valve 5 

 

DynaChem Input Option 5:  Pump Specifications 
 

Since there is no pump in the PHDYNA example, just press 
<CONTINUE> to move to the next data display. 

 
 

Valve 5 Starts Closed 
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DynaChem Input Option 6:  Control Loop Specifications 
 

For the PHDYNA example, there are two control loops.  One is to 
control the temperature of the aqueous solution in the tank.  The other 
is to control the pH.  You will see three screens with the user entries, 
shown on the next three pages, for the Control Loop Specifications. 

The first screen allows you to enter the Control Loop Number, the 
Control Loop Output ID Number, and the algorithm type of each 
control loop.  Since Valve 3 controls the flow of steam, the Output ID 
Number for Control Loop 1 is 3.  Likewise, the Output ID Number is 5 
for Control Loop 2.  For both control loops, the default Velocity 
Algorithm is chosen.   

 

The second and the third screens prompt for the detailed settings of 
each control loop.  For Control Loop 1, the set point temperature is 75 
oC.  For Control Loop 2, the set point pH value is 7.0.  PI controllers 
are used for both control loops.  The user needs to provide the 
controller gain and the integral time. 

 
Figure 8-38 Control loop top menu 
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Figure 8-39 Configuring Control Loop 1 (Temperature) 

 
Figure 8-40 Control loop 1, temperature control 
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Figure 8-41 Configuring Control Loop 2 (pH) 

 
Figure 8-42 Control loop 2, pH control 

 

DynaChem Input Option 7:  Calculation Order 
 

After specifying the control loops, you will see the screen for the 
calculation order.  Specification of Node Order determines the order in 
which all computations are carried out.     

As the Node Order may introduce the implicit dead time, the user 
should carefully examine the computation sequences to achieve the 
desired simulation.  For details on the specification of the Node Order 
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and the resulting computations, you should refer to the DynaChem 
Handbook. 

 

The screen should look like this: 
                                                                              

 
Figure 8-43 Specifying node order 

 

DynaChem Input Option 8:  Print Specifications 
 

After the Calculation Order screen, you will see the Print 
Specifications screen.  This screen allows you to set the frequency of 
printing of output, summary, and "trace" information.  Frequency is in 
terms of number of time increments.   

 

A frequency of 100 time increments is selected for the PHDYNA 
example.  Since the standard terminal output is very brief, it is 
suppressed.  The interactive capabilities of DynaChem are invoked.  
This shifts the user to the screen driven interactive process and allows 
you to change dynamically the operating and Specification parameters 
of the system. 

 

The screen, including the user entries, is shown below: 
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Figure 8-44 Specifying the frequency of output 

 

DynaChem Input Option 9:  Log Node Save Specification 
 

Upon leaving the Print Specifications screen, you will see the Log 
Nodes screen.  The Log Nodes capability allows the user to save all of 
the state variables for the specified nodes at each time step.  The saved 
information may then be used in an ENTRY unit as a feed stream.  In 
the PHDYNA example, we are not planning on using the result as 
input to another execution.  Because this is the last screen for the 
DynaChem case input, pressing <CONTINUE> will return you to the 
DynaChem Input Menu. 
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     The case description of PHDYNA is complete.  

 
Figure 8-45 DynaChem input menu 

Choosing Option 11 on the DynaChem Input Menu will display the 
case input file.  For PHDYNA, it should look like: 

There is more information 
available on this screen. 
Press the <Page Down> key 
to see the remainder of the 
file. 

 

Note: The DynaChem 
program continues to undergo 
development.  The numbers, 
format and content may be 
different from what is 
displayed here. 

Figure 8-46 Displaying the Input Case 

If you are satisfied with the input file that you saw displayed, you can 
exit this menu using X.  ProChem at this time will write the Case Input 
File to your disk.  The name for this file will be PHDYNA.DIN.   

CANCEL will allow you to leave DynaChem without writing a file. 

For the PHDYNA example, we do want the Case Input file written to 
disk.  Therefore, enter an X on the Input Menu, and press 
<CONTINUE>. 



 DynaChem Tour    170 

Running DynaChem 
We have fully defined the DynaChem case input, so the next step is to 
execute the case.  

 

 
Figure 8-47 DynaChem main menu 

 
 

Select 2 from this menu, "Run DynaChem", and press 
<CONTINUE>.  The Model and Case name prompts will appear, 
with PHDYNA as the default prompt.  In both cases, press <ENTER> 
to accept the PHDYNA name. 
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Since we have invoked DynaChem interactive capabilities, DynaChem 
will ask you to initiate execution of the case by making a choice from 
the following screen. 

 

 
Figure 8-48 The DynaChem startup screen 

 

This menu illustrates DynaChem's highly interactive calculations.  
Your selection of a particular display (e.g., "T") determines the 
information which will be displayed as the time dependant simulation 
proceeds.  Regardless of the choice, the information on the particular 
display will be updated (refreshed) every time step.  Once execution is 
initiated, the user can type any of the display keys noted on the menus 
(e.g., "G") and the alternative display is provided to the user. 

 

In addition to the selection of a display, DynaChem has another very 
important feature; the ability to interrupt and suspend execution.  At 
the time of such a suspension, the user can either display various 
information or, if desired, actually alter simulation parameters, unit 
configurations, display characteristics, etc. 

To better illustrate all of this, please carry out the following sequence 
of entries: 

 

1) Enter the letter T followed by <CONTINUE> as indicated on the 
menu. 

 

2) You will now see a tank displayed.  The tank will begin to fill.  If 
you have a color monitor, the contents of the tank will be blue to 
reflect the initially basic pH of the system.  The actual time, in 
hours, will be shown on the upper right corner of the screen.  The 
pH will be displayed along the bottom.  Flow rates and the 
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temperature and the volume of the liquid in the tank will also be 
displayed.  Watch the valve movement on the lowest and 
uppermost feed streams.  The valve stems will open and close to 
reflect the actions of the automatic controllers.  Eventually you 
will see the tank fill to the level of the first exit stream and then the 
contents will go to neutral (yellow), overshoot to acid (red) and 
then back to neutral.  

 
Figure 8-49 The DynaChem tank display 

3) When time is about .1 hours, simply type the letter I and 
DynaChem will interrupt the execution.  A menu offering various 
choices will then be displayed. This menu is shown on the next 
page. 

 
Figure 8-50 The Interactive Menu 

To configure the Graphical Display to plot the pH and pH set point vs. 
time, simply type the number 3 and DynaChem will display a Plot 
Form.  

The Plot Form should be set to the following values: 
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Figure 8-51 The DynaChem plot entry form 

  
 

To restart the execution, exit the plot Form Screen and then the 
DynaChem Interactive Menu by Entering an X.  On the graph you can 
read the time of the simulation right from the X-axis.  The graph itself 
will <CONTINUE> to be drawn as the simulation Continues 

 

 

When the time is at about 0.2 hours, simply type the letter I and 
DynaChem will interrupt execution.  A menu, offering various choices 
will then be displayed.   
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Figure 8-52 The interactive menu. 

The DynaChem interactive menu offers a number of options.  One of 
the most interesting is the ability to change simulation parameters.  
Please enter a 2, and the following menu will be displayed: 

 
Figure 8-53 Modifying parameters while DynaChem is executing 

 

In this case we wish to alter the set point on the pH controller; 
therefore we should enter Option 1 on the Modify DynaChem 
Parameters Menu.    

The next screen you will see, as shown below, prompts for the Control 
Loop ID Number.  Because pH is controlled via Control Loop 2, we 
should enter 2.   
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Figure 8-54 Selecting the pH controller (control loop 2) 

 
Figure 8-55 Changing the pH set point 

 

To restart execution, we need only exit the Modify DynaChem 
Parameters Menu and then the DynaChem Interactive Menu by 
Entering X.   

 

If you are in Graphical Display, you will see the pH of the liquid in the 
tank is dropping and will eventually be maintained at 5.0.  The real 
time to reach the set points will be considerably less than the 0.5 hour.  
After the set points have been reached, you may allow the simulation 
to continue through the 0.5 hour requested or stop the simulation by 
first typing I and then pressing Esc.  
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Figure 8-56 Response of pH controller after set point change 

 

Since DynaChem is a dynamic simulator, it is quite important that 
DynaChem save the results of the important state variables at each 
time increment.  At the completion of the run, the user will return to 
the DynaChem Menu.  The DynaChem results are saved in a file with 
the file extension DOU.  You can choose Plot, Option 3, to look at the 
profiles, or you can choose Option 4, and browse through the 
PHDYNA output (DOU) file.   

 

 
8-57 The DOW file, we have used the page down function to show more of the file 
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Chapter 9 Using OLI Databooks 

OLI/Databook  
 

The following instructions are designed to take you on a tour through 
some of the interesting features of OLI Databook. 

OLI Systems provides many standard databases that can be used in 
generating a chemistry model. Some of the more common databanks 
are:  

PUBLIC  

This is used in every chemistry model for the Aqueous Framework 

 

MSEPUB 

This is used in every chemistry model for the MSE framework 

 

GEOCHEM This contains minerals of geological interest 

GEMSE This is the MSE version of the GEOCHEM databank 

 

CORROSIO A database to support oxidation/reduction chemistry 

CRMSE This is the MSE version of the CORROSIO databank. 

Overview 

In this tour we will review some of the important species data for the 
mineral CaSO3 and the gas carbon dioxide (CO2). 

 

The Tour Starts Here ... 

Please start ESP, if you have not done so. 
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Figure 9-1 ESP Main Menu 

You will now see the initial window of ESP - "Selecting Which Program".  You should see that ESP Process is 
highlighted with the cursor bar.   
 
Use the down arrow key to select OLI Databook.  Press <Enter> to select this program.  (The up and down <Arrow 
Keys> should be used whenever you would like to move the cursor bar to another line). 

 
Figure 9-2 Some of the OLI Provided databooks 

You will now see the initial window of the OLI Databook - "Opening Which Databook".  If the PUBLIC database is 
not visible, press the <Down Arrow> key to find it.  When the PUBLIC Databank is highlighted  then press <Enter> to 
continue. 
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Figure 9-3 List of chapters in databook. 

You will now be given a choice of several different Chapters.  Open OLI Databook to the SPECIES Chapter (which is 
currently highlighted) by pressing <Enter>. 
 
 

Searching for a Species Via the Periodic Table ... 
 

In fact, remembering the 
name of an organic species 
can be rather difficult. This 
option is recommended for 
finding our name for a 
particular organic species. 

ESP now invites you to enter a particular Species Name.  Let us suppose that we do 
not remember the name of the species we are seeking and all we remember is that the 
species we are looking for contains both calcium (Ca) and sulfur (S).   

 
Figure 9-4 Species Entry Screen 
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The next step should be to press <F10>, the Action Key.  The Action Key is used throughout ESP as the means of 
reaching the Action Bar.  The first field on the Action Bar, Search, will now be highlighted.  At this point press <Enter> 
to select Search. 

 
Figure 9-5 Search by screen 

A pull down menu will now present a series of Search options.  Use the down arrow to highlight the Periodic Table as 
the Search option.  Once this is done, press <Enter> and the periodic table will be displayed. 

 
Figure 9-6 The Periodic Table 
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After pressing the space bar 
you can enter a number. The 
program will then search for 
only those species with that 
number of elements. For 
example, entering a 2 will 
search for all compounds with 
two calcium atoms. 

Using the Arrow Keys to move around, highlight Ca and then press the <Space 
Bar> to select Ca.   
 
Next highlight S and then press the <Space Bar> to select S.  Once this is done, 
press <Enter> and the search will be done. 

 

 
Figure 9-7 Search Results 

 

Sometimes there will several 
species with the same 
stoichiometry. An asterisk (*) 
will be displayed next to the 
formula to indicate a 
duplication. 

At this point, you will see a display of all species containing both Ca and S.  Use the 
down arrow to highlight CaO3S.   

 
CaO3S, is Calcium Sulfite.  Press <Enter> to access information stored in OLI Databook for this species. 

 
Figure 9-8 Calcium Sulfite 
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Looking at the Information Stored for Calcium Sulfite... 
 

The “>” symbol indicates 
that there is information 
available. All species have 
“General Information: 

We now see that there is General Information as well as Solid Phase data available in 
the Databank for this solid species.  Using the down arrow, you can highlight the 
Solid Phase and press <Enter> to select it. 

 
 
Several data items for the Solid Phase are displayed.  Move the cursor bar with the down arrow to the line beginning 
with SREF (Reference State Entropy).   

 
Figure 9-9 Reference State Thermodynamic Data for Calcium Sulfite 

The <F1> Help key 
sometimes is not very helpful.  

At this point, we can take a small excursion in the tour looking at ESP's online help 
system.  Press <F1>, the Help Key, and peruse the description of SREF.   

 
 
Now, press <Esc>, the Quit Key, to return us to where we were before we selected help.  (This is the general convention 
in ESP for moving back to the just previous step). 
 
Continuing the tour of the data, press the Action Key to move to the Action Bar.  The first field on the Action Bar, 
View, will now be highlighted.  Press <Enter> for a pull down menu of View options. 
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Figure 9-10 View List Items 

 
You can now view various information about this data entry.  Since the Reference option is highlighted, press <Enter> 
to review the detailed reference.   
 
Note that since this reference is a Multi-volume compilation of data, the ESP reference includes the specific volume and 
page number on which the data appears.  To continue the tour, press <Enter> to return to the choices on the View menu. 

 
Figure 9-11 The infamous Russian Handbook 

 

The data is stored in SI units 
(or nearly so) and therefore 
the units on the uncertainty is 
Joule/Mole/K 

Now highlight the Quality option, and press <Enter> to look at the information on 
uncertainty.  When you are ready to continue, press <Enter> again to go back to the 
View menu. 
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We have now completed our excursion into calcium sulfite data. 
 
 

Perusing the Data on the Vapor Pressure of CO2 ... 
 

By this time in the tour we 
hope you are comfortable 
with the <Esc> key and the 
<Action> key to move around. 
We will be providing less and 
less illustrations as we 
progress. 

To continue the tour, we now use <Esc> repetitively to work back to the page of OLI 
Databook, - "Opening Chapter to Which Entry", where we describe the species of 
interest.   

 
The cursor will now be on the field which invites us to Enter a species name.  Please Enter CO2 (all caps) being sure that 
the entry is followed by all blank characters.  At this point press <Enter> so that the data for CO2 can be made available. 

 
Figure 9-12 Entering CO2 

The next step is to highlight the Vapor Phase information.  Once this is done, pressing <Enter> will give us access to 
this information. 
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Figure 9-13 Reference State thermodynamic values for CO2 in the vapor phase 

Vapor pressure (as well as 
heat capacity) are functions of 
temperature. Any record in 
the database with more than 
one value in it is most likely a 
temperature dependent 
function. 

To access more information about the vapor pressure, highlight the line that begins 
with "VP".   This line contains the curve fit coefficients for vapor pressure.   

 
Using Action Key we can activate the Action Bar.  The View facility will be highlighted; press <Enter> to display the 
alternatives offered on the corresponding pull down menu. 

 
Since the Reference option of the pull down menu is already highlighted, press <Enter> to look at the reference.  Press 
<Enter>, then <Esc> to return to the Action Bar.  
 
Using the right arrow key, move to the Evaluate facility and press <Enter>.  The Evaluate Action will prompt for a 
value for temperature at which to evaluate the vapor pressure equation.  Fill in any value for temperature, press <Enter>, 
and the corresponding calculated value will be computed and displayed.   
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Figure 9-14 The evaluate action, enter 25 C 

If the temperature entered is outside the displayed temperature range for the fit of vapor pressure, a warning message will 
be displayed on the message line at the bottom of the screen. 
 
Enter 25 C and press <Enter> 

 
Figure 9-15 The results of the evaluate action 

Dynamically Changing the Units for OLI Databook Displays ... 
 
We can now press the Quit Key (<Esc>) and return to the Action Bar.  To continue the tour, you should use the left 
arrow key to highlight the Units facility on the Action Bar.  Press <Enter> to pop up the window which allows changes 
to the display units. 
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The cursor will be active on the field which allows entire default systems of units to be set.  Using the right arrow, toggle 
to ENGLISH units and press <Enter> to activate these units.  

The coefficients in the 
temperature dependent 
equations and not always just 
a function of temperature so 
we do not change the scalar 
values during this operation. 

 
At this point, all scalar values should be changed to the new system of units.  If you 
press the Action Key to go back to the Action Bar and then, the right arrow to go 
back to Evaluate and then, <Enter> to reactivate the calculator mode, you will now 
see the displayed temperature range for the fit in the new units.   

 
You can now repeat the earlier type of calculation, but in the new system of units.  When done, press <Esc> repetitively 
to back out to the Chapter Selection window of OLI Databook. 

Using a Private Databook... 
 
You should know how to use a private database in the OLI software. In this example, we will add the species dolomite 
(CaMg(CO3)2) which does not exist in the PUBLIC database but does exist in the GeoChem database. 

 Start ESP Process and begin to create a chemistry model as you 
have done in previous chapters. You may use any process name 
and model name. 

 Select the Aqueous Thermodynamic Framework 

 Select the GEOCHEM databank by entering the number “1” in the 
field next to the name.  Multiple databanks can be used, the order 
of use is determined by the number you enter. 

 

 

 Enter the species Dolomite 
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Figure 9-16 Model definition inflow list. Note the warning message 

 Assuming the dolomite is spelled correctly, you will receive a 
message that Dolomite was not found in the Public databank. 
This is true. Dolomite is located in the GeoChem database.  

Each database is entered in the order of importance with the PUBLIC database have the lowest priority.  Obviously if a 
species is not in the PUBLIC  database then it will be looked for in GEOCHEM (for this example).  If a species appears 
in both GEOCHEM and PUBLIC, then the species from GEOCHEM is used.  
 
Once a species is located in a database (with the PUBLIC being searched last), then the look up stops. 
 
The following figure shows that GEOCHEM was used during the database search and occurred before the PUBLIC 
databank. 

 
Figure 9-17 Autogen results 

 
Finish the model generation as you wish or press the <Esc> to exit.  
 
This completes our brief tour of some of the features of OLI Databook. 
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Problem 5: 
For the species: 1,1,1-trichloroethane 

a) What is the vapor pressure (in PSIA) at 110oF? 

b) What is the ESP name? 

c) Where was the value for the critical pressure obtained (reference)? 
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Chapter 10 Sour Gas Sweetening 
using DEA 

Overview of alkanolamine gas sweetening 
 
 
This application brief presents the case of sweetening (purifying) a sour gas from a natural gas well.  Several unit 
operations are employed to simulate a typical gas sweetening process configuration.  Once the sour gas components have 
been removed, the scrubbing liquor is regenerated to remove captured sour components.  These components are 
corrosive and metal selection can be an issue. 
 

 
 
For this example we will take a natural gas stream is approximately two mole percent (mol%) sour.  This means that for 
every 100 moles of gas there are 2 moles of hydrogen sulfide (H2S).  In addition to H2S, it is desirable to remove carbon 
dioxide (CO2) since this constituent lowers the heating value of the gas and increases the volume of gas that must be 
transported.  Most all alkanolamine plants are designed to maximize the removal of both of these “acid” gases. 
 
In a typical gas cleaning plant, natural gas is fed to an absorber operating at high pressure.  The gas is scrubbed using an 
approximately 58 weight percent (wt%) diethanolamine (DEA) solution.  The scrubbed “sweet” gas is sent on for further 
processing or drying and transport via pipeline. 
 
The rich DEA solution exiting the absorber is sent to a flash drum operating at a much lower pressure.  This step 
removes any light-end hydrocarbons that were captured in the absorber.  The light-end gases are sent on for further 
processing. 
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Next, the hydrocarbon-free DEA solution is fed to a regeneration column.  Here heat is applied to strip the acid gas 
components out of the DEA solution.  Make-up water and DEA are added to maintain the lean 58 wt% DEA solution.  
This solution is then recycled to the absorber. 

Consider the Chemistry 

Why does adding DEA remove H2S and CO2? 
Consider the vapor-liquid equilibrium and acid/base chemistry for hydrogen sulfide and carbon dioxide. 

 
The absorption of hydrogen sulfide gas follows these equilibria: 

 
H2S (vap)  =  H2S (aq)  

 
H2S (aq)  =  H+  +  HS-  

 
HS- (aq)  =  H+  +  S-2  

 
Adding a basic reagent such as DEA increases the pH of the solution.  pH is defined as: 

 
pH  =  - log aH+  

 
where aH+ is the activity of the hydrogen ion.  The activity of the hydrogen ion is defined as: 

 
aH+  =  H+ [H+]  

 
where the H+ is the activity coefficient for hydrogen ion and [H+] is the concentration of hydrogen ion. 

 
As pH increases, the concentration of hydrogen ion decreases.  As hydrogen ion decreases, the equilibria above shift to 
restore the equilibrium.  Let’s look at each reaction individually: 

 
HS- (aq)  = H+ +  S-2  

 
As hydrogen ion concentration decreases, this equilibrium will dissociate more bisulfide ion (HS-) to replace the 
hydrogen ion.  We see that the bisulfide ion concentration will also decrease as the hydrogen ion decreases. 

 
H2S (aq)  =  H+  +  HS-  

 
This equilibrium will also shift to the right (decreasing the hydrogen sulfide concentration) as the hydrogen ion 
concentration decreases.  A double effect occurs since the bisulfide ion is also decreasing. 

 
H2S (vap)  =  H2S (aq)  

 
As the aqueous hydrogen sulfide concentration decreases, the amount of hydrogen sulfide remaining in the vapor phase 
will also decrease.  This is why scrubbing of an acid gas using a basic solution works. 

 
Carbon dioxide follows a similar equation path: 

 
CO2 (vap) = CO2 (aq)  
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CO2 (aq) + H2O = H+ + HCO3

-  
 

HCO3
- = H+ + CO3

2-  
 

For similar reasons as with hydrogen sulfide, increasing the solution pH will cause more carbon dioxide to be absorbed. 
 

Where does the basic reagent come from? 
 

Adding DEA ((C2H5O)2NH) to a solution will make it more basic: 
 

(C2H5O)2NH  +  H2O  =  (C2H5O)2NH2
+  +  OH-  

 
H2O  =  H+  +  OH-  

 
Adding DEA to the solution forces water to dissociate. The hydrogen ion is complexed with the DEA molecule to create 
a protonated species and leaving free hydroxide ions.  This increases the pH and all of the vapor-liquid equilibria 
described above will shift to the right. 
 
There is a secondary equilibrium involving DEA carbamate ((C2H5O)2NCO2

-): 
 

(C2H5O)2NH  +  HCO3
-  =  (C2H5O)2NCO2

-  +  H2O  
 

This species is stable at low temperatures and helps to remove carbon dioxide from the natural gas. 
 

How can DEA solution be regenerated? 
 
One interesting feature of alkanolamine solutions in general is that the stability of the complexes are temperature 
dependent.  The complexes tend to be less stable as the temperature increases. 
 
We have taken a stream from the above process (Rich Amine) to illustrate solution temperature stability. 
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This illustrates the advantages of using heat to regenerate the DEA.  As the temperature increases above 153 oC, the 
protonated form of DEA (DEAH+) rapidly increases (the blue diamonds) while the neutral DEA rapidly decreases (the 
pink squares).  The DEA carbamate species (see Eq. 11) also decreases but is a much weaker function of temperature.  
So, we see that applying cooling facilitates recovery of the amine. 
 

Building the Gas Sweetening Process 

Things you should already know… 

 
By now you should be familiar with creating chemistry models in ESP and to create and edit unit operation blocks. From 
this point forward we will not illustrate the details of each process step. When we encounter something new we will 
show you all the necessary details. 
 

Create a new process and a new chemistry model 
Start ESP if it is not already running. We will be creating a new process and a new chemistry model. We will 
recommend that the new process name be GASSWEET and the chemistry model name be SOURH2O. Please select the 
aqueous thermodynamic framework and no extra databases.  The following table summarizes the process building to this 
point: 
 

Process Build Item Name/Option 
Process Name GASSWEET 
Chemistry Model Name SOURH2O 
Thermodynamic Framework Aqueous Electrolyte 
Databanks None 
 
Add the following inflow species to the chemistry model and then select the options in the following table: 
  

Fraction of DEA v. Temperature
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Inflow Species 
H2O 
CO2 
H2S 
CH4 
C2H6 
C3H8 
C4H10 
DEXH19 

 
Chemistry Model Generation Options 

Phases Aqueous, Vapor, Solid(s) 
Oxidation/Reduction Off 
Phenomena Modifications None 
 

Adding the DEA Absorber Block 
We will now add the DEA absorber block. These blocks are among the most complicated of all ESP unit operation 
blocks.   

 Select Process Build 
 Select Multi-Stage blocks 
 Select Absorber 

 

 
 
You will be asked to select from two types of multi-stage columns; a standard column or a mass-transfer column. It is 
beyond the scope of this example to explain all the differences between standard and mass-transfer columns. 
Unfortunately you cannot switch from one type to the other after selection. Most times the standard column is desired 
and it is the default selection. 
 
 
 
                                                           
19 DEXH is the ESP name of diethanolamine. For historical reasons the species had to be named DEXH and the name 
has stuck. In the OLI Analyzers the proper name is DEA. 
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Select the Standard Column. This will display the empty absorber schematic. 
 

 
 
As with other unit operations, we need to fill in the blanks.  The following options should be selected: 
 

Column Name/Property Value 
Number of Stages 10 
Absorber Name Dea Absorber 
Liquid feed to top stage Recycled Dea 
Gas feed to bottom stage (-1) Feed Gas 
Gas product from top stage Clean Gas 
Liquid Product from bottom stage Rich Amine 
 
This column will have 10 theoretical stages.  The only stream for which we know anything is the gas feed to the bottom 
of the column. The “Recycled Dea” stream will be recycled back from downstream units. We will specify a TEAR 
stream later on in this example. 
 
The completed column looks like the following: 
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You will need to provide the “Feed Gas” composition: 
 

Feed Gas Composition 
Temperature 30 oC 
Pressure 20 Atmospheres 
Set Phase Vapor Only 
Total Flow 1000 mol/hr 
CO2 20 mol/hr 
H2S 20 mol/hr 
CH4 925 mol/hr 
C2H6 20 mol/hr 
C3H8 10 mol/hr 
C4H10 5 mol/hr 
 
Notice that this stream does not have any water or diethanolamine. 
 
Each multi-stage column requires a minimum set of parameters to be specified.  For all ESP columns, a pressure profile 
must be specified. 
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Specifying the DEA Absorber Parameters 
From the white line at the top of the screen select Parameters 
 

 
 
A pop-up menu will be displayed showing the column parameters. 
 

 
 

Absorber Pressure Profile 
At a bare minimum we need to specify the pressure profile. Select Pressure Profile from the list. 
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The default pressure profile is 1.0 atmospheres across the column (no pressure drop).  This column is operating at 20 
atmospheres. Stage 10 has 20 atmospheres and state 1 has 20 atmospheres.  ESP will linearly interpolate between these 
values. In this case it is a constant pressure of 20 atmospheres. Notice that stage 9 was erased. You could have entered 20 
there as well but that would have been redundant.   
 
This is a tricky screen to navigate. The mouse does not work on this screen.  You need to use the arrow-keys to move 
around and use the space bar to erase values.  You do not have to line up values as long as a space exists between the 
stage number and the pressure value. 
 
Press the <End> key to be returned to the parameter list. 
 
We are now finished with the data entry for this block. Press the <End> key to save your work.
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Adding the Flash Drum 
The Flash Drum is modeled using a Separate Block. The purpose of this block is to remove any light gases that were 
dissolved under pressure and exited the absorber liquid product. 
 
We have used separate blocks before. Create a Separate Block with the following attributes: 
 

Flash Drum Specifications 
Block Name Flash Drum 
Unit Operation Separator 
Inlet Stream Rich Amine 
Vapor Stream Flash Vapor 
Liquid Stream Flash Liquid 
Organic Stream None 
Solid Stream None 
Equilibrium Calculation Type Adiabatic 
Pressure 1.5 Atmospheres 
 
The following diagram shows the separate block completed: 

 
 
Here is a display of the adiabatic parameters. 
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Press the <End> key to save this information. Press the <End> key until you have saved and exited the block. 
 

Configuring the DEA Stripper 
We will now create a new multi-stage unit which will use heat from a reboiler to remove carbon dioxide (CO2) and 
hydrogen sulfide (H2S) from the liquid.  This stripped gas will be discharged to other unit operations (such as a Klaus 
Plant) and the liquid, now clean of the acid gases, will be sent back to the absorber with a few stops along the way. 
 
Create a new multi-stage column with the following configuration: 
 

DEA Stripper 
Block Name DEA Stripper 
Unit Operation Stripper 
Column Type Standard 
Unit Name Dea Stripper 
Stages 10 
Condenser Yes, Stage 10 
Reboiler Yes, Stage 1 
Liquid Feed Flash Liquid, Stage 9 
Vapor Product CO2-H2S, Stage 10 
Liquid Product Recycle, Stage 1 
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DEA Stripper Parameters 
As with the absorber, there will be some additional parameters to be specified.  When Reboilers and Condensers are 
used, column estimates may be necessary. 
 

Pressure Profile for DEA Stripper 
 

Pressure Profile 
Stage 10 1.2 Atmospheres 
Stage 1 1.5 Atmospheres 
 
This column uses heat generated in the reboiler to remove the acid gases. To optimize our energy consumption we need 
to specify the amount of vapor that will leave the column via the condenser. This is accomplished via a parameter termed 
Spec/Control 
 

Providing Estimates for the DEA Stripper 
This column will probably need an estimate of the temperature profile and the amount of vapor leaving the condenser. 
These estimates can greatly increase the chance that the column will converge. Of course, bad estimates can lead the 
column astray… 
 
Select Parameters from the Action Line 
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Select Column Estimates from the Parameters Pop-Up dialog. 
 

Temperature Profile Estimate 
Stage Temperature (oC) 
10 88 
9 106 
1 120 
 
As with the pressure profile, if a stage is not specified, the temperature will be linearly interpolated from the surrounding 
stages.  Press the <end> key to continue 
 

Vapor Rate Estimate 
Stage Rate (mol/hr) 
10 80 
 
We have specified an estimate of the vapor rate. Notice that this is only for the top stage (condenser stage). We specified 
the rate at 80 mol/hr because we will be specifying it in the next section. Press the <end> key to continue. 
 

Liquid Rate Estimate 
Stage Rate (mol/hr) 
10  
We have left the liquid rate leaving the top stage empty. We normally do not need to provide this estimate of the reflux 
rate. Press the <end> key to continue. 
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Spec/Controls for the DEA Stripper 
From the parameter pop-up window, select Spec/Controls 
 

  
 
This will display the Specification/Control information 
 

 
Press <Enter> on “Add New Specification” 
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Position the cursor on “Vapor Flow Rate from a stage” or double-click the mouse on this line. 
 
We desire 80 moles/hour of vapor to leave the condenser and the condenser is on stage 10. The new dialog should look 
like this: 
 

 
 
Press <Enter> after entering the value of 80.0 
 
If we specify a value we must allow some other value to be adjusted.20  This will be the reboiler duty. Reboilers and 
condensers are types of heat exchangers. The ESP column refers to these as “Exchangers.” 
 

                                                           
20 Long time users of OLI products will refer to this as a fix or free scenario.  The Flow rate is “Fixed” the enthalpy of 
the reboiler will be “Free”. 
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Select “Exchanger Duty” from the list 
 

 
 
Enter a value of 1 for the stage number. The reboiler is stage 1. Press the <Enter> key to be returned to the 
Specification/Control Information dialog. 
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We are now done with specifications for this column. Select Exit to be returned to the Parameters pop-up dialog. 
 

Heat Exchanger (Reboiler and Condenser) specifications for the Stripper 
We now need to provide a condenser duty. The duty on the condenser is fixed by us, the user.  The duty on the reboiler is 
adjusted by the program but requires an initial guess (zero duties tend to make unit operations behave adiabatically 
which is not desired for an exchanger). 
 
You should still be on the parameter pop-up. 
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Select “Exchanger Duties” 
 

Exchanger Duties for the DEA 
Stripper 

Stage Duty (MM cal/hr)21 
10 -2.5 
1 4.2 
 
The exchanger dialog should look like this: 
 

 
 
Unlike the pressure profile, there is no interpolation between these stages. There are only two exchangers. 
 
We have now finished building the DEA stripper. Use the <End> key to save your work. 

                                                           
21 MM is a designation for thousand thousands, or in plain English, millions 
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Water Make up in the Sour Gas Sweetening process 
We now come to a typical problem in process simulation. Our process has a recycle stream that contains primarily DEA. 
This species is non-volatile and has no escape route out of the process other than thermal degradation.  ESP is not 
designed to model such a phenomenon thus the DEA concentration may continue to build up in the process as water 
leaves the process via the “Clean Gas”, “Flash Vapor”, and “CO2-H2S” process streams.  It is generally necessary to add 
water back into the process via a make-up stream to keep the solute concentration within an acceptable range.22 
 
In this example we are going to add a feedback controller (see Chapter 2 above for the pH controller, it uses much of the 
same types of blocks) that adjusts the amount of water in the recycle loop. This means we will be adding a manipulate 
block, mix block and a control block. 
 

Adding the Water Manipulate Block 
We have added a manipulate block before. The following table lists the attributes of the block: 
 

Water Make Up Manipulate Block 
Unit Operation Manipulate 
Name Water make-up 
Feed Water 
Outlet Water in 
Parameters Total Flow, 1.08 
 
We need to specify the composition of the “Water” feed 
 

Water Composition 
Temperature 25 oC 
Pressure 20 Atmospheres 
Total Flow 40 mol/hr 
H2O 1 moles 
 
Did you notice that the Total Flow and the amount of H2O do not match? That is acceptable in ESP. If that occurs, the 
composition value is normalized to the Total Flow. In this case, the amount of H2O will be multiplied by 40. 
 
Press the <End> key to save the block. 

                                                           
22 For the AQ model, the solute concentration in a liquid stream needs to be less than approximately 0.35 mole fraction.  
This limitation is relieved in the MSE model. 
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Adding the Water Make Up Mix Block 
We now need to add the adjustable water to the process flow.  We will use a mix block for this. We have used mix 
blocks before. Here are the attributes for the mix block: 
 

Water Mix Block 
Unit Operation Type MIX 
Name Mix1 
Feed Stream Recycle 
Option Feed Stream Water in 
Outlet Stream Recycle 1 
Parameters Adiabatic calculation type 
 

Adding the Water Make-up Controller 
Adding the water make-up controller is similar to adding a pH controller.  We need to specify a stream which contains 
the variable we wish to monitor. We then need to specify a target value and then instruct the controller which block to 
adjust. There may be some additional convergence parameters that need to be specified as well. 
 
The following table shows you the attributes for this block: 
 

Water Make-Up Controller Attributes 
Unit Operation Type Controller 
Name Cont water make-up 
Specification Stream Recycle 1 
Specification Type23 Composition 
Specification sub-type Solution Species 
Specification sub-type units Mol/hr 
Specification sub-type species H2O 
Spec Target Value 500 
Block Name24 Water make-up 
Block Parameters25 Factor, Flow 
 
Since there are so many new options for a composition controller we will display the dialogs for all of them. 

                                                           
23 Pressing <enter> on a blank field will display a possible list of types 
24 Pressing <enter> here as well is a good way of listing the available blocks. 
25 Here too as well. 
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This is the partially completed dialog. We have entered the controller name. Position the cursor in the “Specification 
Stream” box and press <Enter>. 
 

 
 
Scroll down to find “Recycle 1” and then press <Enter>. 
 
We will use the concept of pressing <Enter> in a blank box frequently. Repeat the step for “Specification Type”. 
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Select “Composition” 
 

 
 
Select “Solution Species” 
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Select the units “mol/hr”. 
 

 
 
Select “H2O” as the species by pressing the <Spacebar>. More than one component can be selected but we only want to 
make sure we have enough water in the recycle loop. 
 
Press the <End> key and you should be returned to the Controller dialog.  Enter a value of 500 mol/hr for the “Spec 
Target Value” 
 
Position the cursor on “Block Name” and press the <Enter> key. From the list of blocks select “Water make-up”. Select 
“Factor, Flow” from the “Block Parameters”. 
 
Press the <End> key to save the block. 
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Adding the DEA Make-up feedback Controller 
The same types of blocks are required for the DEA make-up scheme as were for the Water make-up scheme. We will not 
display all the dialogs here rather show you just the attributes. 
 
Please add the following blocks and streams 
 

DEA Manipulate Block 
Unit Operation Type Manipulate 
Name DEA make-up 
Feed Dea 
Outlet Dea in 
Parameters Total Flow, 0.0053 
 

DEA Feed 
Stream Name Dea 
Temperature 25 oC 
Pressure 20 atmospheres 
Total Flow 0.1 mol/hr 
Set Phase Organic Liq Only 
DEXH 1.0 moles 
 

DEA Make-up Mix Block 
Unit Operation Type Mix 
Name Mix2 
Feed Stream Recycle 126 
Optional Feed Stream Dea in 
Outlet Stream Recycled Dea27 
Parameters Isothermal 
Isothermal Pressure 20 Atmospheres 
Isothermal Temperature 30 oC 
 
When you specified the outlet stream “Recycled Dea” you have completed a recycle loop. This stream was originally 
specified in the “DEA Absorber” 
 
  

                                                           
26 Remember to press <enter> on a blank field to see a list of choices 
27 This stream was originally defined in the Absorber. 
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DEA Make-up Controller 
Unit Operation Type Controller 
Name Cont dea make up 
Specification Stream Recycled Dea 
Specification Type28 Composition 
Specification sub-type Mat’l Balance Groups29 
Specification sub-type units mol/hr 
Specification sub-type phase Aqueous Only 
Specification sub-type MBG30 DEX(-1) 
Spec Target Value 119.8 
Block Name31 DEA make-up 
Block Parameters32 Factor, Flow 
 
After you have entered all the streams and blocks you can save them and leave Process Build. 
 

Simulating the Sour Gas Sweetening Process 
After you have left Process Build it is now time to perform the simulation. Select “Process Analysis” from the “Working 
in which mode” dialog. 
 
As with the previous chapter, we have a recycle loop and need to TEAR the process. We are going to TEAR the 
“Recycled DEA” stream.  This does raise a concern for the program.  Sometimes a recycle TEAR stream guess can be 
inaccurate. In fact, sometimes we can guess a zero flowrate with zero compositions and will still converge the process.33  
Not true when the TEAR stream is a feed to a column. We need to provide an initial value for the “Recycled DEA” 
TEAR stream that will allow the column to converge on each pass through the recycle loop. 
 
What we did off-line was to disconnect the TEAR stream and to run the process straight through. This gave us an idea of 
the composition of the TEAR stream. When we had a case which converged the DEA Absorber then we closed the 
TEAR stream and continued. 
 

Specifying the TEAR stream. 
Locate and select the “Recycle” option at the top of the Process Analysis dialog. 

 

                                                           
28 Pressing <enter> on a blank field will display a possible list of types 
29 This is slightly different than the water make-up controller. Here we want to control all forms of diethanolamine 
(cations, neutrals and anions). The best way is to control the DEA material balance group. 
30 MBG = Material Balance Group, In this case DEA 
31 Pressing <enter> here as well is a good way of listing the available blocks. 
32 Here too as well. 
33 This is called a NULL guess. 
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This will display the Recycle pop-up dialog. 
 

 
 
Select Tear(s) 
 

 
Select the TEAR stream “Recycled Dea” and then press the <end> key. 
 
Now select “Tear Stream Guess” from the Recycle pop-up dialog 
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Recycled DEA initial values 
Temperature 30 oC 
Pressure 20 Atmospheres 
Total Flow 620 mol/hr 
H2O 500 mole 
CO2 0.2 mole 
H2S 0.2 mole 
DEXH 119.8 mole 
 
Press the <end> key to leave the Recycle options and return to the Process Analysis screen.  Select Calculate and let the 
program run. When the screen stops, Press <any key> when prompted. 
 

Reviewing the Gas Sweetening Process 

Compare the feed gas to the output gas (clean gas) 
We are now ready to review the process.  First let’s compare the Feed Gas to the Clean Gas 

Comparing Feed Gas to Clean Gas 
 Feed Gas Clean Gas 
Temperature 30 oC 33.5 oC 
Pressure 20 Atmospheres 20 atmospheres 
H2O 0 mole/hr 1.87 mole/hr 
CH4 925 mole/hr 924.8 mole/hr 
C2H6 20 mole/hr 20 mole/hr 
C3H8 10 mole/hr 10 mole/hr 
C4H10 5 mole/hr 5 mole/hr 
CO2 20 mole/hr 1.95E-06 mole/hr 
H2S 20 mole/hr 7.9E-05 mole/hr 
DEA 0 mole/hr 3.0E-04 mole/hr 
 
So the DEA Absorber seemed to clean up the hydrocarbon feed gas. Some water and DEA were carried up into the 
overhead stream. 
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How much make up was needed? 
 
We can easily determine how much water and DEA were required to meet our specifications.  
 

Make Up Stream Flow 
Stream: Water in 42.0 mole/hr (757 g/hr) 
Stream: Dea in 5.4E-04 mole/hr (0.05 g/hr) 
 
Very little DEA was required to keep the process running. 
 

What does the Recycle stream look like? 
Sometimes it is interesting to look at the recycle stream and see if the results are as expected. 
 

Recycle Stream: Recycle Dea 
Temperature 30o C 
Pressure 20 Atmospheres 
Total Flow 620.2 mole/hr (21,622.4 g/hr) 
pH 11.7 
H2O 500.17 mole/hr 
CH4 0.0 mole/hr 
C2H6 0.0 mole/hr 
C3H8 0.0 mole/hr 
C410 0.0 mole/hr 
CO2 0.2 mole/hr 
H2S 0.15 mole/hr 
DEA 119.8 mole/hr 
 

Additional Calculations 
OLI provides additional tools for you to investigate this process. The OLI Corrosion Analyzer can be used to export a 
stream from ESP and then perform corrosion rate calculations.  
 
This concludes the Gas Sweetening Example 
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Chapter 11 Simple Crude 
Distillation 
 

Overview 
In this demonstration we will distill a typical crude using a simple distillation scheme with a single side stripper.  The 
OLI approach to modeling distillation is to rigorously account for the effects of water in the oil and also consider the 
effects of salts in both the water and oil phases. Most other simulators only consider the water phase as a pure phase.  
Our approach will allow us to model such species as chlorides and amine salts entrained and dissolved in the process 
streams. 
 

Back Story 
Our example considers a crude oil after it has left the production field. In our case we have a relatively young well that 
has produced 100,000 barrels of oil per day. 10,000 barrels of this oil are produce water. In a “Real” sample, this 
produced water will consist of many different cations and anions as well as dissolved gases. These dissolved species can 
cause a host of problems such as fouling, scaling and corrosion.  
 
In our example, the formation from which the oil was produced is essentially just a salt dome (NaCl). Our oil and our 
produced water will be saturated with halite.  The chloride ion can be a problem downstream. 
 
In normal processing this oil will be sent to an electrostatic desalter where the oil is washed and most of the salt is 
dissolved into the water phase. The problem with the wash water is that it also may contain significant amounts of salt 
which are the introduced to the refinery.  The crude is usually maintained at moderate temperatures (150 oF to 250 oF) 
and at pressures sufficient to prevent boil-off (usually 75 PSI above saturation pressure).  The pH of the desalted crude is 
maintained at pH’s near neutral to prevent emulsion formation.  The desired salt content of the crude is usually near 3.5 
mg/L (1 pound per thousand barrels, PTB)34 
 

                                                           
34 J. Gutzeit, “Controlling Crude Unit Overhead Corrosion – Rules of Thumb for Better Crude Desalting” NACE 2007 
paper 07567 
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Desalter Simulation 
The following diagram shows the desalter simulation.35 

 
 
The purpose of this simulation was to provide a more realistic crude sample.  The stream NACL FORMATION contains 
a saturated solution of sodium chloride in water.  The following table shows the composition: 
 

Stream: NACL FORMATION 
Temperature 75 oF 
Pressure 75 PSIA 
Flow 128200 Lb/hr36 
H2O 0.83 Mole fraction 
NACL 0.17 Mole fraction 
 
The separator block SALT SAT removes any excess solids which are the immobile phase in the formation.  The 
controller C-BRINE FLOW maintains a flowrate of 128,200 lb/hr which is approximately 10,000 barrels/day (bbd). 
 
The separator block OIL WATER MIX takes the saturated brine controlled to 10,000 bbd and mixes it with our crude 
sample at 90,000 bbd. The following table shows the composition of the oil: 
  

                                                           
35 We will not be performing this simulation today.  This simulation will be available on the OLI Support Web site at 
http://support.olisystems.com, your instructor will provide the exact links. 
36 This is approximately 10,000 barrels/day  
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Stream: OIL 
Temperature 75 oF 
Pressure 75 PSIA 
Flow 1.1538E+06 Lb/hr37 
CRUDE 0.9658 Mole fraction 
CH4 0.0003 Mole fraction 
C2H6 0.0006 Mole fraction 
C3H8 0.0086 Mole fraction 
n-C4H10 0.0193 Mole fraction 
i-C4H10 0.0054 Mole fraction 
 
Wash water is added to the separator SIMPLE DESALTER at a rate that is 6 % of the volume of the mixed oil and water 
stream FORMATION CRUDE. This is approximately 6,000 bbd.  Caustic is added to keep the pH in the 7.0 range. 
 
The stream DESALTED CRUDE is the stream that we will use in the distillation simulation.  The composition of the 
stream is shown in the table below: 
 
Stream: DESALTED CRUDE (a/k/a RAW CRUDE) 
Temperature 250 oF 
Pressure 110 PSIA 
Flow 1.16773E+06 Lb/h (100,000 bbd) 
H2O 0.0087 Mole fraction 
CRUDE 0.9097 Mole fraction 
CH4 0.0028 Mole fraction 
C2H6 0.0056 Mole fraction 
C3H8 0.0081 Mole fraction 
n-C4H10 0.0181 Mole fraction 
i-C4H10 0.0051 Mole fraction 
NA2O 0.0165 Mole fraction 
HCL 0.0330 Mole fraction 
Density 1914.6 Lb/m3 
Enthalpy -4.25003E+06 Cal/lmol 
 
This will become the feed to the simple distillation example. 
 

                                                           
37 This is approximately 90,000 bbd 
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Simple Crude Distillation 
In this example we will take our crude oil sample from the desalter simulation and then distill off the crude with a single 
side stripper to produce naphtha and atmospheric gas oil. 
 
The following diagram shows what we will be attempting to simulate: 
 

 
 

In this simple example the crude oil is heated to approximately 650 oF and the pressure reduced to 65 PSIA. The crude 
oil is fed to the column above the bottom of the column to allow for some pre-flashing action. The column is operating at 
a reduced pressure which allows the crude vaporize the light ends for “Free”.  Steam is applied to the bottom of the 
column to boil up the heavier components. Atmospheric Gas Oil (AGO) is withdrawn mid way up this column and steam 
stripped to remove light components.  The light components are returned to the main column. Some liquid is withdrawn 
higher up the column and pumped back (pump-around) to help condense water and some light products and return them 
to the side draws (to the side strippers). Finally the overhead stream is condensed to produce the naphtha and return some 
liquid to the column so the trays do not become all vapor (dry up). 
 

Building the Crude Distillation Chemistry Model 
We have built chemistry models in other examples. We will not repeat the discussion for most of the steps except where 
new items are being introduced.  For this case create a new process and a new chemistry model with the following 
options. 
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Crude Distillation Simulation Chemistry Model Options 
Process Name CDU-04 
Chemistry Model Name CRUDEN2L 
Thermodynamic Framework Mix-Solvent (H3OION Based) 
Databanks None 
 

Entering Petroleum Fractions 
At this point you should have the standard INFLOWS screen. In the Action Line at the top of the screen is the item Alt 
Entry: 
 

 
 
Select AltEntry 
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There are several options for building additional phenomena into a chemistry model. Since we are interested in 
distillation, we will need to add our oil sample. An oil sample is really a mixture of many compounds with different 
molecular weights and boiling points.  A user could find discrete compounds that represent the oil or the user could use a 
tool to take traditional oil analysis techniques and turn them into apparent components.  We call these components 
Pseudocomponents. 
 
We have the ability to enter individual pseudocomponents or generate them from oil assay data.  For this example we 
will chose the latter. Select PETROLEUM FRACTION from the list. 
 

 
 
You can have more than one assay per chemistry model. This allows you to blend oils in the process simulator. We must 
first create an assay. Select NEW ASSAY. 
 

 
 
You will be shown a standard ESP name dialog.  
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Enter the assay name “CRUDE” 
 

 
 
OLI supports four types of assay data38.  Each of the ASTM methods will attempt to turn distillation data into a true 
boiling point curve.  The final data is the actual true boiling point data. It is of this type of data that we will enter. Select 
TBP CURVE 
 

                                                           
38 Each assay data type is described in detail in the OLI Engine manual. 
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Each method requires an average bulk density. API Gravity is a commonly used value. Higher values mean less dense 
fluids.  See the OLI Engine manual for a complete description of these densities. Enter an API Gravity of 29.32 
 

 
 
Enter the volume percent distilled and the distillation temperature from the table below. If you need to change units, 
select UNITS from the item at the top of the screen. 
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Volume Percent Distilled (%) Temperature (oF) 

4.5 15.0 
9.0 90.0 

14.5 165.0 
20.0 310.0 
30.0 435.0 
40.0 534.0 
50.0 620.0 
60.0 740.0 
70.0 885.0 
76.0 969.0 
80.0 1015.0 
85.0 1050.0 

 

 
 
Use the page down (PgDn) key to scroll past the bottom of the screen.  Use the <End> key when finished. 
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We now need to enter the number of “Cuts”. This will be the number of pseudocomponents that will be created. This can 
be a tricky number to determine.  Too few cuts and our components will not represent the distillation data we just 
entered. Too many cuts and we add a lot of extra computation time that we may not need. For every cut we add a vapor 
and aqueous component (and perhaps an organic component) plus an equilibrium equation. Processing time increases as 
the square of the number of species. So for every cut we add we add about 2x to the computational speed. Fortunately 
computers are fast that we may not see any real slow down in the simulation. 
 
Enter 20 cuts. 
 

 
 
We now must inform ESP of the thermodynamic method that will be used to determine the vapor phase properties. The 
default is the API method.39  Select API-5 and press <enter>. 
 

                                                           
39 These methods are described in the OLI Engine manual. 
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This screen shows the name of the pseudocomponent (in this case we use the name of the assay and the temperature of 
the boiling point in Kelvin), the normal boiling point, specific gravity, molecular weight, the mole percentage of the 
assay that the component represents and the critical properties. 
 
You can export these values to a spreadsheet (as a CSV file) by using the Spreadsh item. 
 
Press <End> to continue. 
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Now we have been returned to the main INFLOWS dialog. We now need to add the remaining species: 
 
NACL 
CH4 
C2H6 
C3H8 
C4H1040 
ISOBUTANE 
NAOH 
NA2O 
HCL 
 
Finish generating the chemistry model as you have in previous sections. Please choose an organic liquid as well. 

 
  

                                                           
40 This is n-butane 
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Building the Simple Distillation Unit 
Before building the full distillation unit it was decided after a conversation with Jim Berthold41 that the distillation unit 
will be build using convention ESP blocks to get a better understanding of how the process is behaving.  Occasionally it 
is just too difficult to build the full simulation at once.  
 
The following diagram shows the simple distillation unit block diagram: 

 
This process involves multiple units and three recycle streams. For brevity we will build this process all at once. General 
discussions will be had in class on how to build this process from scratch. 

                                                           
41 Jim is the Director of Customer Relations and OLI’s chief modeling expert 
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Crude Heater 
Create a heat exchange block with the following attributes: 
 
BLOCK: Crude Heater 
Block Name Crude Heater 
Block Type: Heat Exchange 
Process Inlet RAW CRUDE 
Process Outlet ATM FEED 
Utility Inlet None 
Utility Outlet None 
Parameters: Process Stream: Discharge 
Temperature 

622 oF 

Parameters: Process Stream: Pressure 65 PSIA 
 
We need to create our crude stream. This stream is created from the desalter example. We need to specify a SET PHASE 
option. 
 

 
 
Stream: RAW CRUDE 
Temperature 250 oF 
Pressure 110 PSIA 
Set Phase DENS & ENTH  
Flow 1.16773E+06 Lb/h (100,000 bbd) 
H2O 0.0087 Mole fraction 
CRUDE 0.9097 Mole fraction 
CH4 0.0028 Mole fraction 
C2H6 0.0056 Mole fraction 
C3H8 0.0081 Mole fraction 
n-C4H10 0.0181 Mole fraction 
i-C4H10 0.0051 Mole fraction 
NA2O 0.0165 Mole fraction 
HCL 0.0330 Mole fraction 
Density 1914.6 Lb/m3 
Enthalpy -4.25003E+06 Cal/lmol 
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Creating the Distillation Stages 
We will now create the first stage of the distillation unit. This will be modeled as a simple separator. Create a separator 
block with the following attributes: 
 
Block: S1 
Block Name: S1 
Block Type: Separate 
Inlet Stream ATM FEED 
Inlet Stream MAIN STEAM 
Inlet Stream LIQ TO S1 
Vapor Outlet Stream VAP TO S2 
Liquid Outlet Stream RESIDUE 
Organic Outlet Stream None 
Solid Outlet Stream None 
Parameters: Calculation Type Isothermal 
Isothermal Temperature 610 oF 
Isothermal Pressure 32.7 PSIA 
 
This block has an inlet process stream named MAIN STEAM. The stream composition is below: 
 
Stream: MAIN STEAM 
Temperature 375 oF 
Pressure 150 PSIA 
Flow 467.5 Lmole/hr 
H2O 1.0 Mole Frac 
 
We will now create the second stage of the distillation unit. 
 
Block: S2 
Block Name: S2 
Block Type: Separate 
Inlet Stream VAP TO S2 
Inlet Stream LIQ TO S2 
Vapor Outlet Stream VAP TO S3 
Liquid Outlet Stream LIQUID TO STAGE2 
Organic Outlet Stream None 
Solid Outlet Stream None 
Parameters: Calculation Type Isothermal 
Isothermal Temperature 450 oF 
Isothermal Pressure 28.38 PSIA 
The stream LIQ TO S2 will be a tear stream. Do not enter any data for this stream during Process Build. We will update 
this information during Process Analysis. 
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Side draw to Side Stripper and Pump-Around 
We now need to withdraw some liquid from stage to so we can remove our Atmospheric Gas Oil and to pump-around 
some liquid for heat control. For this we will use a flow split block. 
 
Block: STAGE 2 LIQUID SPLIT 
Block Name: STAGE 2 LIQUID SPLIT 
Block Type: Split (Stream Split) 
Inlet Stream LIQUID TO STAGE 2 
Outlet Stream 1 AGO SS DRAW 
Outlet Stream 2 LIQ TO S1 
Outlet Stream 3 PA1 
Parameters: Split Flow:  
AGO SS DRAW 

354.3 lmol/hr 

Parameters: Split Flow: 
PA1 

1529 lmol/hr 

Parameters: Split Fraction: 
LIQ TO S1 

1.0 

 

Pump-Around Heat Exchanger 
We need to cool off a portion of the liquid to help condense water and to control heat transfer to higher stages in the 
column. Create a new heat exchanger block: 
 
BLOCK: PA1 HX 
Block Name PA1 HX 
Block Type: Heat Exchange 
Process Inlet PA1 
Process Outlet PA1X 
Utility Inlet None 
Utility Outlet None 
Parameters: Process Stream: Discharge 
Temperature 

487 oF 

Parameters: Process Stream: Pressure 0 PSIA42 

AGO Side Stripper 
We will now strip off the light components and remove our atmospheric gas oil. In a full simulation we would use a 
multi-stage column similar to the ones we used in the Gas Sweetening example. For simplicity we will use a separator 
block. 
Block: AGO SS 
Block Name: AGO SS 
Block Type: Separate 
Inlet Stream AGO SS DRAW 
Inlet Stream AGO Steam 
Vapor Outlet Stream AGORTN 
Liquid Outlet Stream AGO 
Organic Outlet Stream None 
Solid Outlet Stream None 
Parameters: Calculation Type Isothermal 
Isothermal Temperature 485 oF 
Isothermal Pressure 24.03 PSIA 
                                                           
42 When a block parameter for pressure is set to 0.0 then the minimum inlet pressure will be used for the block. 
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The stream AGO STEAM is a process inlet stream. We need to define it. 
 
Stream: AGO STEAM 
Temperature 300 oF 
Pressure 50 PSIA 
Flow 155.8 Lmole/hr 
H2O 1.0 Mole Frac 
 

Defining the top stage 
We are now ready to define the top stage just below the condenser. This stage takes the stripped material from the side 
stripper as well as the cooled liquid that was pumped around. The reflux from the condenser is also added. 
 
Block: S3 
Block Name: S3 
Block Type: Separate 
Inlet Stream VAP TO S3 
Inlet Stream AGORTN 
Inlet Stream PA1X 
Inlet Stream REFLUX 
Vapor Outlet Stream VAP TO COND 
Liquid Outlet Stream LIQ TO S2 
Organic Outlet Stream None 
Solid Outlet Stream None 
Parameters: Calculation Type Isothermal 
Isothermal Temperature 376 oF 
Isothermal Pressure 24.07 PSIA 
 
 

Building the Condenser 
The condenser will partially condense the vapor and send it to the decanter.  
 
Block: Condenser 
Block Name: CONDENSER 
Block Type: Separate 
Inlet Stream VAP TO COND 
Vapor Outlet Stream OFF GAS 
Liquid Outlet Stream DECANT 
Organic Outlet Stream None 
Solid Outlet Stream None 
Parameters: Calculation Type Isothermal 
Isothermal Pressure 19.7PSIA 
Isothermal Temperature 55 oF 
 

Defining the Decanter Split 
The condensed liquid will be split off to the product stream Naphtha and the remaining portion refluxed back to the top 
stage. Refluxing is important to keep the trays in the column “Wet”. When a column dries up on a stage then fouling and 
increased corrosion can be expected as well as various types of break through. 
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Block: Decanter split 
Block Name: DECANTER SPLIT 
Block Type: Split (Stream Split) 
Inlet Stream DECANT 
Outlet Stream 1 NAPTHA 
Outlet Stream 2 REFLUX 
Parameters: Split Flow:  
REFLUX 

2000 lmol/hr 

Parameters: Split Fraction: 
NAPTHA 

1.0 

 
We have now completed the process build stage. We will now “Run” the process.  
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Simulating the Simple Crude Distillation Unit 
We are now ready to simulate the process. We have introduced three tear streams (see earlier examples for a description 
of recycle streams). We have picked three streams for you: 
 

Recommended Recycle Streams 
VAP TO S2 
LIQ TO S2 
REFLUX 

 
On the Process Analysis dialog, select Recycle from the items. 

 
 
This will display the recycle options: 
 

 
 
Select SELECT TEAR(S) 
 

 
 
Unlike the previous examples, there are three possible recycle choices. This list will display all of the choices ESP has 
detected. Please scroll down and find our recommended choice. 
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We now need to provide some initial values for the recycle streams. Remember there are three you must for which you 
must provide a guess. 
 

 
 
From the Recycle Options select TEAR STREAM GUESS 
 

 
 
You will have to select each stream in turn. Here are the estimates (they are rather specific to help save time in class) 
 
TEAR Stream Initial Values 
 VAP TO S2 LIQ TO S2 REFLUX  
Temperature 610 375 55.1 oF 
Pressure 32.7 24.07 19.7 PSIA 
Flow 2798 2365 2000 Lmol/hr 
H2O 578 11.5 633.8 Lmol 
CH4 1.6 0.06 1.4 Lmol 
C2H6 3.3 0.08 2.8 Lmol 
C3H8 47.2 1.9 40.8 Lmol 
C4H10 106.4 6.5 91.7 Lmol 
ISOBUTANE 29.7 1.6 25.6 Lmol 
HCL 0.001 0.003 0.000006 Lmol 
CRUDE 2006.0 2339.0 940 Lmol 
 
When you are finished entering the tear streams you can press the <End> key until you are on the CALCULATE line 
and then press <Enter>.  If you opted to enter fewer components that we have in the initial value table then the process 
may take longer than for others. 
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Reviewing the results for the Simulation 
As with the other simulations you can review the entire output. For this example we will only show a few streams. 
 
Some key items to review is the pH of the Naphtha stream (4.5) and the amount of chlorides present (0.001 ppm) in the 
Naphtha stream. It is also important to note that the Naphtha stream is two-phase and the water-rich phase will have most 
of the corrosive species. 
 
Stream  Naptha  Naptha 

Phase  Liquid‐1  Liquid‐2 

Temperature, F  55  55 

Pressure, psia  19.7  19.7 

pH  4.488  5.798 

Total lmol/hr  769.1966  2957.39 

Flow Units  wtfrac  wtfrac 

H2O  0.9999733  0.000018317 

C3H8  4.57E‐06  0.002911659 

C4H10  5.36E‐06  0.015844537 

CH4  6.81E‐07  2.68753E‐05 

CRUDE_209K  9.21E‐06  0.014121154 

CRUDE_249K  2.05E‐06  0.037496691 

CRUDE_287K  4.29E‐07  0.099462101 

CRUDE_325K  4.17E‐08  0.144187542 

CRUDE_364K  1.73E‐09  0.086468805 

CRUDE_404K  1.05E‐10  0.082305084 

CRUDE_443K  1.53E‐11  0.1583797 

CRUDE_482K  1.56E‐12  0.157035176 

CRUDE_520K  1.68E‐13  0.132570473 

CRUDE_560K     0.054467262 

CRUDE_596K     0.0118537 

CRUDE_637K     0.001469343 

CRUDE_675K     0.000190707 

CRUDE_715K     2.06184E‐05 

CRUDE_754K     2.31E‐06 

CRUDE_794K     1.92E‐07 

CRUDE_832K     1.14E‐07 

CRUDE_869K     2.20E‐09 

CRUDE_907K     2.96E‐11 

CRUDE_949K       

C2H6  3.04E‐06  0.000749343 

HCL  1.19E‐06    

ISOBUTANE  1.23E‐07  0.000418291 

NA2O       

NACL       

Total lb/hr  13857.52  306563.8 

Volume, m3/hr  6.289191  182.9887 

Enthalpy, cal/hr  ‐2.39E+10  ‐6.97E+10 

STD Liq Vol, m3/hr  9.687595  280.7524 

Density, g/m3  999439.3412  759910.4762 

Vapor fraction       

Solid fraction       

Liquid‐2 fractio     1 

Osmotic Pres, psia  0.260516018    

Ionic Str, Molal  3.27632E‐05  3.38E‐18 

Ionic Str, Mol Fra  5.90E‐07  6.42E‐24 
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Chapter 12 Calculator block 

Overview 
The calculator block allows the user to create variables not normally used in OLI software products and also allow those 
variables to be used in controllers. 
 
In this example we will create a new variable for total hardness and then create a controller to set the total hardness for a 
stream. Hardness is a measurement of the amount of calcium and magnesium ions. Large hardness values can lead to 
excessive scaling.  Also, maintaining a specific hardness prevents erosion of concrete surfaces (such as in water 
distributions) due to leaching. 
 

Structure of the block 
It is a single unit operations block with one inlet and one outlet. It can be found under conventional blocks under Process 
Build -> New Block. 

 
 
The block has a variable called VAR1, the definition for which can be modified by the user according to the specific 
requirements. Variables of type ASAP using FORTRAN type expression can be used to define VAR1. 
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A list of ASAP variables can be found at the following link : http://support.olisystems.com/TIPS/OLI-
Tips27%20ASAP%20Variable%20List.pdf 
 
 

Example 1:  Determine the hardness of water 
 
Example flow sheet: 
 
 
 
 
 
 
 
 
 
 
 
In this example a chemistry model is built with H2O, CaCO3, and MgCO3. The method is called Hardness by calculation. 
 
Hardness, mg equivalent CaCO3 / L = 2.497[Ca,mg/L] + 4.118 [Mg, mg/L]43 

 
As we have done in previous chapters, create a new process and a chemistry model. The recommended process name is 
HARDNESS  and the recommended chemistry name is also HARDNESS.  
 
We also recommend the Aqueous Framework and no additional databanks.  The inflow list for the chemistry model is: 
 
H2O 
CACO3 
MGCO3 
 
Please complete the chemistry model generation. Please use only the default settings for the phases to consider. 
 
 
 

                                                           
43 “Standard methods for the examination of water and waste water 18th edition 1992”, Arnold E. Greenberg, Lenore S. 
Clescerl, Andrew Eaton. APHA AWWA WEF. 
 

Mixer Calculator 
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Continue to build the chemistry model in the normal method until you reach this screen 
 

 
 
For this example we need to add some variables to our chemistry model file (MOD) that are not normally calculated by 
ESP. 
 
Click the Sections action (or use F10) to display the drop-down window. 
 

 
 
Select Equations.  This will display a warning message: 
 



 Calculator block    244 

 
 
Select Continue which will bring the default text display program (usually Notepad.exe). 
 
This will display the current chemistry model in text form. 

 
 
Scroll to the bottom of the file: 
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Open a line just before the END statement 
 

 
We now must add our variables. 
Please add the following statements to the MOD file: 
 
EQUATIONS 
DEFINE TOTCA=CACO3AQ+CAION+CAOHION+CAHCO3ION 
DEFINE TOTMG=MGCO3AQ+MGHCO3ION+MGION+MGOHION 
 
These variables define the total concentration of calcium ion and magnesium ion in the units o the native OLI solver. 
 
When you are done the MOD file should look like this: 
 

 
 
Please save this file and then exit the editor. You will be returned to a familiar screen. 
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You can see that a new section has been added to the model definition.  Please continue to generate the chemistry in the 
normal method.  If any errors occur, you may have created an invalid equation, please go back to the MOD file and 
check for errors. 
 
You can confirm the variables to be added form the dbs file. Bottom part of the dbs file looks as below (truncated view). 

 
 
Return to the ESP Process Build to continue. 
 
Then add Mixer and Calculator blocks. You can find calculator block under conventional blocks under Process Build -> 
New Block. 
  
Create a mixer as shown in the next figure: 
 
Block:  
Block Name: MIXER 1 
Block Type: MIXER 
Inlet Stream Feed 
Outlet Stream 1 Output 
Parameters: Adiabatic 
 

No special conditions 
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Define the feed stream for mixer block. 
 

 
 
The block will be set to adiabatic.  Since the block has only a single feed and there are no additional parameters defined 
(such as a change in pressure) the block performs no equilibrium calculations. 
 
Now let’s create the calculator block.  The block is a conventional type block.  
 
Make sure that you select the output of Mixer block –‘output’ as an inlet to the calculator block. 
 

 
 
Using the parameters action, define the variable VAR1 (note, only a single variable can be defined for a calculator block 
at this time) 
 
Define the formula for Var 1 based on calculation of hardness mentioned above. 
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(TOTCA*40.098*2.497+TOTMG*24.305*4.118)*1000/VOLLIQ    
 
Where TOTCA and TOTMG are predefined parameters to calculate total moles of Calcium and Magnesium present in 
the system. In this equation we are converting the moles of calcium to grams of calcium by its molecular weight of 
40.098 (similarly for magnesium).  We then multiply by 1000 to convert to milligrams and divide by the variable 
VOLLIQ which is the liquid volume in liters. 
 

 
 
Notice that we automatically added the “&” symbol at the end of the line. This acts as a continuation symbol. 
 
Please save the file. 
 
Once the formula is set, go to process analysis -> calculate. 
 

 
 
When the process completes, return to the above screen and then select Process Block Results 
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Select the Calc Block 

 
 
The answer is 25.64 mg Equivalent of CaCO3/L . 

Example 2: With a controller added in the flow sheet.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Mixer 
Calculator 

TDS 
ControlWater 

manipulator 
Water makeup 
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We will now modify the previous process by adding a manipulate block and a controller block. We will first add the 
manipulate block. 
 
Block:  
Block Name: Water Manipulator 
Block Type: MANIPULATE 
Inlet Stream Water Makeup 
Outlet Stream 1 ADJUSTED WATER 
Parameters: Total Flow 1.0 
 
 
Next define the MAKEUP water feed 
 

 
 
Next we will define the TDS controller. Create a controller block. 
 
The default specification setting is to monitor a stream. We can also monitor a block but we need to change the setting. 
To do this we use the Parameters action and then select the Stream/Block Toggle option. 
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Select Block Data 
 
Now fill out the controller as shown below. 
 

 
 
 
This controller controls the Total Dissolved solids by manipulating amount of water added in the mixer block.  

Calculation order 
 
The calculator block is a special type of block in ESP in that it does not actually change the simulation. This means the 
block sequence calculation may fail to properly calculate the controller at the correct time in the simulation.   What we 
can do to help the calculation is to instruct the controller to calculate after or before a particular block is calculated.  
 
To set this order we need to revisit the Parameters actions. 
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Select the “Calc After” Block option 
 

 
 
We want the “TDS Controller” to calculate after the “Calc block” calculate performs its calculation.  Press <Enter> on 
the blank line to see a list of available blocks: 
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Press <Enter> to select the block: 
 

 
 
We now are finished with the contoller block. Save this block.  
 
The original Mixer block will have an additional feed stream called adjusted water. This is the output stream of 
manipulator block. 
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You can now run the simulation.  After the simulation you may receive an error message: 
 

 
 
What this error means is that the controller is not able to take a small enough step-size between iterations to find the 
actual set point. As you will remember, the set point is 15 mg/L.   You can clear this error by pressing the <Enter> key. 
 
As we did in the previous example, you can review the block report for the calculator block. 
 
Answer for this example is: 
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That is the specified target value by the controller. It adjusted the flow rate of water from manipulator block to achieve 
desired hardness in water.  The answer certainly seems to be converged.  The actual answer may be slightly off from this 
value and has been rounded-off for the display.  In these cases, it has been said that the error message is too severe and 
can be ignored. 
 
The user is invited to review the other streams for this simulation. 
 
 


