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1. Introduction 
The HSC-Sim 7 has five calculation modes: 
 
- Particles (Minerals) 
- Reactions (Hydro) 
- Distributions (Pyro) 
- Experimental 
- Process 
 
These modes make possible to simulate different types of processes.  
 
In this report a short description is given on how to make and develop pyrometallurgical 
models with the program.  
 

2. Starting 
When opening the HSC-Sim program, the FlowSheet Designer will appear, Figure 1. 

 
Figure 1  FlowSheet Designer 

 
At the bottom of the flowsheet, there are two special tools for drawing: 

·  Snap to Grid: If this is on (= green), the drawing object sticks on the points of the 
drawing grid. 

·  Persist Tool: If this is on (= green), you can repeat the drawing with the same tool 
without selecting it again. 

 



 HSC 7.0 MANUAL  
August 26, 2009 

 

Outotec Research Oy / Heikki Eerola 09006-ORC-J 4 (4) 
 

 
3. Saving and protecting 

A pyrometallurgical model consists of the flowsheet of the process and models made by 
Sim Unit Editor. During model developing it is recommended to save the process often. 
When saving a model of two units (Test_Process) the following files will appear: 

·  Test_Process.fls: This file contains the details of the flowsheet. 
·  Unit 1.UNI and Unit 2.UNI: These files contain the details of the units (streams, 

distributions, calculation methods) 
·  Report.xls: This file is used for the mass balance report. 
·  Dynamic_IO.xls: This file is reserved for future development. 

  
In the FlowSheet Designer, the model can be saved in the following ways: 

·  Select option: File – Save Process As. It is recommended to create own file folder 
for each process. 

·  Select option: File – Save Process. The saving happens with the old name. 
·  Select option: File – Save BackUp. This makes a new BackUp folder. You can later 

select the old backup with the selection: File – BackUps…. Then the Manage 
BackUps window appears and you can select the right backup and restore it. 

·  Use Save Process icon or press Ctrl+s. 
 
You can lock the units of your model with a password. This means that in Sim Unit Editor 
only Input and Output sheets are then visible without the password. The procedure is as 
follows: 

·  In FlowSheet Designer select: File – Lock Excel Units with Password. 
·  Give a password (+Enter) and select Lock. 

 
You can also protect your models from accidental changes by using Font Color Protection: 

·  In Unit Editor, select: Tools – Protection – Create Font Color Cell Locks (Figure 2) 
·  In FlowSheet Edit Table Dialog, select: Tools – Protection – Create Font Color Cell 

Locks. 
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Figure 2  Defining Font Color Protection 

 

4. Sim Unit Editor 
In the model there can be several units (balance areas). The units and streams are drawn 
in the FlowSheet Designer but the stream analyses and unit calculation principles are 
specified in Sim Unit Editor. 
 
When the user double clicks one unit (or stream) in the flowsheet the Sim Unit Editor will 
appear, Figure 3.  
 
A pyrometallurgical model consists of four sheets at least: 

·  Input sheet: Streams in (amount, species, analyses) 
·  Output sheet: Streams out (species) 
·  Dist sheet: The program divides automatically the species in the input streams into 

elements. In the Dist sheet it specifies how these elements are divided into output 
streams and into their species. 

·  Control sheet: This shows what kinds of calculations (= iterations) are made. 
 
Additionally the model includes: 

·  Model sheet: This is not used in the pyrometallurgical models. 
·  Tank sheet: This sheet is for future development. 
·  Additional sheets: Users can also add their own sheets. 
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Figure 3 Sim Unit Editor 

4.1. Streams 
Raw materials come to the Input Sheet, Figure 4. 
 
One stream contains 4 header rows and 1 – several rows for species. The user have to 
specify the stream properties in columns C, D and E, usually the other columns will be filled 
automatically. The following properties must be fixed:: 

·  Stream name. The Latin alphabet must be used. 
·  In the input sheet, the SRC flag in column B specifies the source unit of the stream. 

A question mark (?) means that this stream is not coming from another unit. In the 
Output sheet, the DST flag specifies the destination unit of the stream. 

·  Amount can be given in the following ways: t/h, kg/h or Nm³/h. The amounts in the 
Output sheet are calculated by the program. 

·  Analyses are given in wt-% or in vol-%. The analyses in the Output sheet are 
calculated by the program.  

·  The species must be found in the HSC Database if enthalpies will be calculated.  
·  Stream total analysis should be 100%, this is usually made using "Others" species 

(or element) . Then the hermodynamic values of Al2O3*SiO2(A) in the HSC 
Database are used. 

·  The term "Inert" in the third row of the stream means that this stream goes without 
any changes straight to the output sheet. The inert stream is defined in a special 
dialog. 

·  Fix flag T in column B specifies that the calculations do not copy the temperature 
and pressure from the source unit to input sheet, only materials. 
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Figure 4 Streams in the Input Sheet of the unit VF 

4.1.1. Stream Synchronization 
The Sync. button is found at the bottom of Sim Unit Editor. Normally it is in the ON position. 
This means that the stream rows in the source and destination units are synchronized with 
each other. Also, the flowsheet and calculation model are synchronized. Changes made in 
the stream will also then occur in the source or destination unit of the stream. 
 
Sometimes, when working with old models, it may be necessary to turn Sync OFF. This 
means that the changes made in one unit will not be made in the source or destination unit 
of the stream.   
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4.2. Dist sheet   
The Dist sheet shows how the elements must be divided into streams and inside streams 
into compounds. The following flags may be selected: 

·  Free = No specification. 
·  Fixed = Constant or function value is used. 
·  Rest = All the rest of the element goes into this stream or species.  
·  Float = Automatically fixed by other elements. 
·  Inert = Output species come directly from the Input sheet. 

 
Figure 5 states that 1.98 % of copper goes to the Slag stream. It also shows that inside this 
stream 80 % of copper is as species Cu2S(l) and 20 % as Cu2O(l). 
 
The material and energy balance of the unit can also be seen in the Dist sheet. 

 

 
Figure 5 A view from the Dist sheet of the VF unit 
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4.3. Controls 
The calculation rules for model iteration are given in the Controls sheet. The user has to 
specify rows 11, 12, and 18 at the minimum: 

·  Set point, row 11: The target value of the calculation. This can also be a formula. 
·  Measured, row 12: The measured value of the calculation. This must be a cell 

reference to one cell. 
·  Value, row 18: The value of the variable. This must be a cell reference for one cell, 

which does not contain a formula. 
 
Some other rows: 

·  Row 8, Y Target name: An illustrative name can be given. 
·  Row 9, Process unit: The Unit name can be given. 
·  Row 10, Measure unit: The Measure unit can be given. 
·  Row 13, Tolerance +/-: The program makes this by herself but the user can change 

it. A small value increases accuracy and calculation time. 
·  Row 15, X variable name: An illustrative name can be given. 
·  Row 16, Process unit: The Unit name can be given. 
·  Row 17, Measure unit: The Measure unit can be given. 
·  Row 19, X min limit: The smallest x value used in the calculation. The program 

makes this by itself but the user can change it to the smallest realistic x value. 
·  Row 20, X max limit: The highest x value used in the calculation. 
·  Row 21, X max step: It is possible to limit the largest iteration step. This may help 

with slow controls. 
·  Row 23, Control method: Auto is recommended. 
·  Row 24, Active: If the user writes OFF here, the control will not do anything. 

 

 
Figure 6 A view from the Controls sheet of the VF u nit 
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4.4. Using old streams and units 
Old streams and units can be used in a new process model. 

4.4.1. Saving a stream 
Input or output streams can be saved for future use: 

·  In the Unit Editor select a row for the stream to be saved. (Stream Coal in Figure 7) 
·  Press the Save Str.button  
·  Select a folder where you want to put the stream. 
·  Press Save. 

 
 

 
Figure 7 Saving a stream 
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4.4.2. Adding a saved stream 
First, a new stream to or from a unit must be drawn in the Flowsheet. Then, the new empty 
stream can be replaced with an old stream in the Unit Editor (Figure 8): 

·  In the Unit Editor select a row for the empty stream. 
·  Press the button Open Str. 
·  Select the right folder and stream (Stream Coal in Figure 8). 
·  Press the button Replace. 
·  Make changes if necessary. 

 
 
 

 
Figure 8 Adding a saved stream 

4.4.3. Using old units 
First, a new unit to a process must be drawn in the Flowsheet. Then, the new empty unit 
can be replaced with an old unit in the Unit Editor: 

·  In the Unit Editor select: File – Open Unit (Replace) 
·  Find the right unit 
·  Press: Open 
·  Make changes if necessary 
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5. Making a new pyrometallurgical model 
How to create a new pyrometallurgical model is explained step-by-step below. 

5.1. Step 1: Select Distribution (Pyro) Mode  
The first step is to select the Distribution (Pyro) Mode for calculation: File – New – 
Distribution (Pyro) – ok. 
 

5.2. Step 2: Draw one unit 
You can use either the Unit drawing tool (see Figure 1) or you can select the unit picture 
from the program library, Figure 9. Select the right unit icon and draw it in the flowsheet. 
 

 
Figure 9 Selecting the unit to draw 
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5.3. Step 3: Draw streams 
Draw the Input and output streams, Figure 10. 
 

 

 
Figure 10 Step 3: Draw streams 

 
Write the names of the streams in the Properties toolbar (Process - NameID). In the 
Properties toolbar you can also format the streams (Drawing). You can select several 
streams by selecting them with the Shift-button down. Then you can format them by using 
selections from Arrange options.  

5.4. Step 4: Specify streams 
For an input stream you must give its amount, temperature, species and analyses. For an 
output stream, only the temperature and species are needed (+ quality of amount). To 
make more rows for a stream use option Insert – Row. 
 
You can also use old streams (Open Str. – Replace, see 4.4).  
 
It is also recommended to use a stream for heat losses (Figure 12):  

·  Draw an extra stream (Heat Loss) from the unit in the flowsheet. 
·  Go to Sim Unit Editor and select the Heat Loss stream. 
·  Select option Insert – Heat Loss. The Heat Loss window will open. 
·  Give the correct heat loss value and press ok.  
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Figure 11  Step 4: Specify streams 
 

 

 
Figure 12 Adding a heat loss to the Heat Loss strea m 



 HSC 7.0 MANUAL  
August 26, 2009 

 

Outotec Research Oy / Heikki Eerola 09006-ORC-J 15 (15) 
 

 
 

5.5. Step 5: Specify distributions within streams 
In the Dist sheet you must specify how the elements are to be divided into Output-streams 
and compounds. The following flags may be selected: 

·  Free = No specification. 
·  Fixed = Constant or function value is used. 
·  Rest = All the rest of the element goes into this stream or species.  
·  Float = Automatically fixed by other elements. 
·  Inert = Output species come directly from the Input sheet. 

 
In Figure 13, the option: View – Hide Dist Sheet Rows has been selected. For example, for 
arsenic you may know from the real process data that 20 % of it goes to dust and 10 % of it 
to blister copper. In that case, here select cell AF43 and select Fixed and write 20: 20 % of 
all arsenic goes to dust. In the same way, select Fixed 10 % in cell AF16. Then put the Rest 
to slag (AF28). 
 
One Rest option must be selected for each element in order to make the mass balance of 
the element zero. 
 
 

 
Figure 13 Step 5: Specify distributions within stre ams 
 

5.6. Step 6: Specify distributions within species 
One element can be divided into one stream between several compounds. You must 
specify this in the Dist sheet. First select the option: View – Show Dist Sheet Rows. 
 
Figure 14 shows that in the stream Blister copper: 1 % of element copper is in species 
Cu2S(l), 1 % in species Cu2O(l), and the rest in species Cu(l).  
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Figure 14 Step 6: Specify distributions within spec ies 

 
After specifying the distributions, the Sim Unit Editor cell formulas and internal models must 
be updated. Select option: "Tools – Update Formulas of Selected Unit". This procedure may 
be repeated whenever you think that something in the program is not correct. 
 
The energy and mass balances can be seen in the Dist sheet rows 4 – 7. 
 
Inert Stream is a special case. This means that an input stream goes to Output sheet 
without changing its species amounts and analyses. To create a inert stream, select the 
stream in the output sheet and then select: Insert – Fix Inert Stream. In the Inert Stream 
Selection window, select the proper output stream. If everything is all right, the Match Ok 
box will appear in green. Then press Create Inert Link. 
 
Finally, some rules of thumb for the Dist sheet: 

·  Total distributions are usually based on experimental data (commercial plant data, 
pilot or laboratory test data). 

·  Check the element balances and fix distributions one by one. Start from the metal 
columns, because usually most of the non-metal cells (for instance C, Cl, S, O) are 
floating. i.e. they will be specified by the metals. 

·  Always specify one stream as “Rest” which contains the rest of the element. Usually 
this is the Slag phase for those elements, which go to slag. For C, H, N, O, and S 
this is usually the gas phase. 

·  Use only one “Fixed” element species in one species row. Other elements in this 
row are automatically “Float” elements.   

 

5.7. Step 7: Create controls 
The calculation rules for model iteration must be given in the Controls sheet. At least 3 
values for each iteration must be given: 
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·  Set point, row 11: The target value of the calculation. This can also be a formula. 
·  Measured, row 12: The measured value of the calculation. This must be a cell 

reference for one cell. 
·  Value, row 18: The value of the variable. This must be a cell reference for one cell, 

which does not contain a formula. 
 
Some examples (Figure 15): 

·  Lead distribution: Let us assume that in the real process there is a distribution 
function: wt-% Pb in blister copper / wt-% Pb in slag = 0.09. This can be indicated in 
the Controls sheet as it is done in Figure 15. 

·  The copper content in slag can be controlled by changing the copper distribution 
(initial value: Fixed 5) to slag. 

·  The air amount can be calculated by controlling the oxygen content of waste gas. 
·  Heat balance can be controlled by changing the temperature of the products. 

 

 
Figure 15  Step 7: Create controls 

5.8. Step 8: Test controls 
Testing the controls can be done as follows: 

·  Select Run – Run Unit Controls. The calculation must be repeated several times to 
reach the steady state. 

·  If the control does not find a solution, you may try to change the calculation min. and 
max. limits. There can be, for instance, a discontinuation point in the original area. A 
special control monitor (Run – Show Control Monitor) can be used to find possible 
problems with the control. Also, you can manually change the value (= row 18) and 
calculate it again.   
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Figure 16 Step 8: Test controls: Run Unit Controls 
 
 

 
Figure 17 Step 8: Test controls: Make manual change s and try again 
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Figure 18 Step 8: Test controls: Set points have be en reached 

 

6. FlowSheet Designer 
The graphical Flowsheet Designer is described in more detail in HSC manual chapter "40 
Sim Flowsheet". Only few of the features of this tool are handled in the following pages. 
Most of the learning process will come from trial and error. 

6.1. Pages and layers 
Every drawing object has two Process Location properties: Page and Layer. You can have 
several pages in your flowsheet and you can draw objects in 31 different layers. 
 
When you select View – Edit Pages and Layers, a Page and Layer Settings dialog will 
appear. Here you can: 

·  Move, add, or delete pages in your flowsheet. 
·  Specify which layers are visible or not.  

 
In Figure 19, Heat Loss Stream is on Layer 1 and it is not visible. The Heat Loss Name 
Label is still on Layer 0 and is visible.  
 
To see all the drawings, select: View - Edit Pages and Layers – Show All.  

 



 HSC 7.0 MANUAL  
August 26, 2009 

 

Outotec Research Oy / Heikki Eerola 09006-ORC-J 20 (20) 
 

 

 
Figure 19 Using pages and layers 

 

6.2. Value Labels 
Value labels makes possible to collect most important calculation results to the flowsheet. 
You can add value labels to every stream by selecting first Select – Streams and then Tools 
– Insert Value Label. After running the process you can see the results easily from the 
value labels, see Figure 20.  
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Figure 20 Viewing results with value labels: Temper ature of every stream 
 

6.3. Tables 
You can create tables with the Table drawing tool (see Figure 1). You can format a table by 
double clicking it and making changes using Edit Table Dialog. 
 
In order to bring values into the cells of a table, the following should be done: 

·  Go to the right cell in Sim Unit Editor (in Figure 21 to cell Input!D8). 
·  Press the right button of the mouse. 
·  Select : Copy Cell Ref. 
·  Go to FlowSheet Designer and select the right table and double click it. 
·  Select the right cell in Edit Table Dialog (in Figure 22 cell B1) 
·  Press the right button of the mouse. 
·  Select : Paste Cell Ref. 
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Figure 21 Reading an address from a Unit 

 
 

 
Figure 22 Pasting the address into a Table 
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6.4. Changing a picture 

You can easily change a unit picture in the flowsheet: 
·  Select the unit which you want to change 
·  Select: Tools – Change Picture 
·  Find the right picture 
·  Press: Open (Figure 23) 

 

 
Figure 23 Changing a picture 

6.5. Running the model 
To start the simulation select: Run – Start simulation. Then select: Calculate. You should 
calculate so many rounds that steady state has been reached and no changes happens 
any more. A Run User Interface is presented in Figure 24. 
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Figure 24 Run User Interface 

6.6. Viewing the results 
There are several ways to view the calculation results. 

6.6.1. Option one 
1) Put the pointer on one unit and click. 
2) Select a variable (for instance, amount or temperature) and see the results on the 

property list at right side of the screen. There are the quantities of the variable of every 
input and output stream. 

3) Or select an element (for instance, Cu, Fe, …) and look again at the results on the right 
side of the screen. Three tabs are available: 

Data: How many kilos of selected element there are in different streams 
Content: Contents (wt-%) of selected element in different streams 
Distribution: How selected element is distributed within the input and output 
streams. 

6.6.2. Option two 
1) Put the pointer on one stream and click. 
2) Select a variable (for instance, amount or temperature) and see the results on the 

property list at right side of the screen. Two tabs are available: 
Data: Variable quantities and compound analyses 
Content: Element analyses 

3) Or select an element (for instance, Cu, Fe, …) and look again at the results on the right 
side of the screen. Three Tabs are available: 

Data: Amount, temperature, pressure, compound analyses 
Content: Element analyses 
Distribution: Distribution of the element into different compounds. 
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6.6.3. Option three 

Put the pointer on Close (left above) and click. Select: File – Report. The energy and 
material balances of all the units will appear. 

6.6.4. Option four 
Put the pointer on one unit or its stream and double click. You can see the model and its 
figures. 

 


