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42. Sim Distribution Example

Magnetite Oxidation Example

Pelletized magnetite (Fe304) ore can be oxidized to hematite (Fe203) in a shaft furnace.
The typical magnetite content of the ore is approx. 95%. Oxidation is usually done by
feeding air into the shaft furnace. Some excess oxygen is needed to complete the reaction;
the free oxygen in process gas is usually approx. 5%. About 1% of the iron does not react.
Coal is used as a fuel to keep the product temperature at 700 °C.

This kind of unit process can be controlled by air and coal feeds. The ore feed can be fixed
to approx. 200 t/h. Now, please create a process model of the shaft furnace with oxygen
and coal controls.

Walkthrough steps:
Draw the flowsheet
Draw the streams on the flowsheet
Rename the units and streams
Save the process
Specify the raw material streams
Specify the output streams
Create a model
a. Distribution to output streams
b. Distribution to species within streams
Create the controls
Run the process model
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42.1.

Step 1. Draw the flowsheet
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Fig. 1. Draw unit (distribution) on the flowsheet.
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First, draw the flowsheet for the process. Usually it is easiest to start with the units of the
process (Fig. 1). You can draw a generic unit and select its model from the Unit Model
Editor, or simply draw a distribution unit by using the red unit icon.
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42.2. Step 2. Draw the Streams on the Flowsheet
B Hsc sims — JLaix
File Edit View Select Tools DrawingTools Window Help
e a8 @ B> 13 [}
I OV S Y I O SO I T S A R T R T T | [
a
@l] =3
<
ols i i
D Stredgm 1 Stregm 2
o 2 [Vale] [Valye]
(b 2 Unit 1
e)
- g Stream 4
e o [Value]
Stream 5
= [Value]
: [l Main Pr = .
[Valde]
-

Page2  Pagsd Process Tree | Unitlcons  Log viewer

©2012 Outotec Oyj | *C bar kWh 100% (= { )|V Persist Tool [/ Snap to Grid [15,2

Fig. 2. Draw streams on the flowsheet.

The second step is to draw streams (Fig. 2), which must be done using the Stream tool on
the left toolbar. The shapes and colors at the end points of the streams indicate their
connections. You can also check the Source and Destination units for each stream from the
Process tab. If a stream is not connected from either end, then this value is shown as a
question mark (?) for the missing Source or Destination value.

Process raw material streams do not have specified Sources, whereas the Destination units

are missing for the process output streams. Intermediate streams should have both Source
and Destination values specified.
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42.3. Step 3. Rename the Units and Streams
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Fig. 3. Renaming units and streams makes flowsheet easier to read.

You can relocate the unit and stream name labels by dragging them with the mouse. Select
the unit or stream and rename it using the NamelD property. This property is used to
identify unit and stream objects. Please use short and illustrative names.

The Drawings tab lets you change the label text formatting. Formatting options can be
applied to the labels one by one, or you can select multiple labels and change the
formatting for all of them. The Select menu at the top bar offers options to select all certain
types of labels from the flowsheet.
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42.4. Step 4. Save the Process
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File name: Magnetite Oxidation

Save as type: |HSC Sim 8 files (*.Sim8)
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Open | [ cCancel |

Fig. 4. A process has to have a folder of its own.

It is better to save the process too often rather than too seldom, because a saved process
allows you to recover the earlier design stage in case of user or computer errors.

It is necessary to create a separate file folder for each process using the Create New Folder
tool, see Fig. 4. The process name is also the most logical name for the file folder. In this
case the folder name is Magnetite Oxidation and the process name is Magnetite Oxidation.
A process can consist of several files and all of these files will be saved into this same

folder.
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42.5. Step 5. Specify the Raw Material Streams

[ shaft Furnace — (o JCx
File Edit Insert

[PyroC tion Mode | M
Normal (Distributions sheet) A B (g D E F G| H I J K L u \ w o
£X] Convert to Equiibrium Mode 1 :! Input
&/ Convert to Mixer ;
4 | Flags Input streams Value Units| Amounts Heat Content H Total H Heat Cont H Tot H Chem Ex Phy Ex Tot Exergy|
5 kg Nm?® kmol kWh  kWh  kWh/mol kWh/mol kwWh  kwWh kWh
3> Show Distribution Sheet 6 Nm*/h
[Tooks | 7 - _ t/h 0.00 0.00 0.00) 0.00 0.00 0.00 0.00 0.00|
8 |SRC Magnetite Ore Amounts Heat Content H Total H Heat ContH TotH Chem Ex Phy Ex Tot Exergy
) tide Non-essential Columns 9 |DST Temperature  25.00 °C kg Nm? kmol [kwh kWh  kWh/mol  kWh/mol kWh kWh  kwh
(&) Dist Sheet Rows (Visble) 10 Pressure 1.00 bar 0.00 0.00 £
11 Fix Total 0.00 vol-% 0.00 0.00 0.00| 0.00 0.00 0.00 0.00 0.00}
[Controls 1| 12
@ AddNew Control 13 [SRC Coal ) Amounts Heat ContentH TotalH HeatContH TotH  Chem Ex PhyEx Tot Exergy
14 DST Temperature  25.00 °C kg Nm?* kmol [kWh kwh kwWh/mol kWh/mol kWh kwh  kwh
#> show Conirols sheet 15 Pressure 1.00 bar 000 0.0
[Insert ] 16 Fix Total 0.00 vol-% 0.00 0.00 0.00| 0.00 0.00 0.00 0.00 0.00|
17
(&) Insert Heat Loss 18 [SRC Air ) Amounts Heat Content H Total H Heat ContH Tot H Chem Ex Phy Ex Tot Exergy
(&) Insert Energy Feed 19 |DST Temperature  25.00 °C kg Nm? kmol [kWh kWh  kWh/mol  kWh/mol kWh kWh  kwh
20 Pressure 1.00 bar 0.00 0.00
21 Fix Total 0.00 vol-% 0.00 0.00 0.00] 0.00 0.00 0.00 0.00 0.00]
2 T y &
M4 » M| Input /Output /Dist /Controls /Model < »

Fig. 5. Raw materials on the Input sheet.

You can open Unit Editor by double-clicking the unit icon on the flowsheet. The raw material
streams can be found on the Input sheet. At the beginning these streams are empty.
Species can be typed into streams manually.

B shaft Furnace —Jlajix
File Edit Insert

o )20
Normal (Distributions sheet) A B c D E F G H 1 J K L [ v W -
£4] Convert to Equilbrium Mode 1 Input
4] Convert to Mixer ;
4 | Flags Input streams  Value Units| Amounts Heat Content H Total H Heat Cont H TotH Chem Ex PhyEx Tot Exergy]
5 kg Nm®  kmol KWh kWh  kWh/mol kWh/mol kWh  kwh kWh
[3> Show Distribution Sheet 6 Nm¥/h
7 t/h{ 201001.29 42.04 1069.00| -0.01 -296465.61 3642171  0.00 36421.71
8 SRC Magnetite Ore[200.00]t/h  [Amounts Heat ContentH TotalH  HeatContH TotH  ChemEx PhyEx Tot Exergy
L e e s 9 |psT Temperature 2500 °C kg Nm® kmol  [kwh kwh kWh/mol  kWh/mol kWh  kWh kwh
© ist sheet Rows (Visble) 10 Pressure 1.00 bar -0.01 -296381.39
11 Fix Total 100.00 wt-% | 200000.00 40.60 987.03 -0.01 -296381.39 2712315 0.00 2712315
[Controls T 12 Fe304 95.00 190000.00 36.75 820.60) -0.01 -254271.26 0.00 -309.86 27010.90 0.00 27010.90)
@ Add New Control 13 si02 5.00 10000.00 3.85 166.43| 000 -42110.13 000 25302 11225 000  112.25|=
14
| EEEEIETE 15 [SRC Coal 1.00t/h |Amounts Heat ContentH Total H  HeatContH TotH  ChemEx PhyEx Tot Exergy
16 DST Temperature 2500 °C kg Nm® kmol  |kWh kWh kWh/mol  kWh/mol kWh kWh  kWh
17 Pressure 1.00 bar 0.00 -84.22
|+ e 18 |Fix Total 100.00 wt-% 1000.00 0.44 81.92 0.00 -84.22 929854 0.00 9298.54
@ Insert Energy Feed 19 c 98.00 980.00 043 8159 0.00 0.00 o.uo: o.uo: 929831 0.00 9298.31
20 si02 2.00 2000 001  0.33] 0.00 -84.22 000 -253.02 022 0.0 0.22
21
22 sRC Air 1.00‘Nm’/h Amounts Heat Content H Total H Heat ContH TotH Chem Ex Phy Ex Tot Exergy
23 |DST Temperature ~ 25.00 °C kg Nm® kmol [kWh kWh kWh/mol  kWh/mol kWh kWh  kwh
24 Pressure 1.00 bar 0.00 0.00
25 [Fix Total 100.00 vol-% 129 100 004 0.00 0.00 002 0.00 0.02)
26 N2(g) 79.00 099 079  0.04] 0.00 0.00 000 000 001 000 0.01]
27 02(g) 21.00 030 021 001 0.00 0.00 000 000 001 000 0.01
28 -
W4+ w]\ Input /Output /Dist /Controls /Model <[m g

Fig. 6. Specify stream species, compositions, raw material amounts and measure units.

You need to specify the raw material stream species as well as their compositions and
temperatures. It is also important to specify the measure units for the streams. Valid
selections are:

- t/h

- kg/h

- Nm3/h (only for gases)
Please note that the stream composition is given in wt-%, if mass units are used, and in vol-
%, if normal cubic meters are used. If the feed amount is not yet available then it is good to
specify an initial value such as 1 t/h, especially if this raw material will be used within some
control.
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42.6. Step 6. Specify the Output Streams

A shaft Furnace — (o ](x
File Edit Insert
[Pyro Mode | P18 |20
Normal (Distributions sheet) A B C D E F G H 1 J K L U \i W
£4] Convert to Equibrium Mode 1 Output
2
£&] Convert to Mixer 3
4 Flags Output streams  Value Units| Amounts Heat Content H Total H Heat Cont H TotH Chem Ex PhyEx Tot Exergy|
5 kg Nm?® kmol| kWh  kWh  kWh/mol kWh/mol kwh  kwh kwWh
2> show Distribution Sheet 6 Nm‘/h
[Tools | 7 t/h 0.00 0.00 0.00f 000 0.00 0.00 0.00 0.00]
8 [SRC Process Gas 0.00 Nm?*/h|Amounts Heat Content H Total H Heat ContH Tot H Chem Ex Phy Ex Tot Exergy
i deon esser ial ok 9 |DST Temperature  700.00 °C kg Nm? kmol [kWh kWh  kWh/mol  kWh/mol kWh  kWh kWh
@ Dist Sheet Rows (Visile) 10 Pressure 1.00 bar 0.00 0.0
11 Fix Total 0.00 vol-% 0.00 0.00 0.00| 0.00 0.00 0.00 0.00 0.00f
[Controls 1| 12 N2(g) 0.00 0.00 0.00 0.00 0.00 0.00 5.72 572 000 0.00 0.00 "
@ AddNew Control 13 02(g) 0.00 0.00 0.00 0.00 0.00 0.0 5.05: 6.05: 0.00 0.00 0.00
14 co(g) 0.00 0.00 0.00 0.00 0.00 0.0 578 2492 000 0.00 0.00
> Show Controls Sheet 15 co2(g) 0.00 0.00 0.00 0.00 0.00  0.00 888 -10043 000 0.00 0.00
[Tnsert 11— -
17 |SRC Hematite Pellets _ 0.00 t/h Amounts Heat Content H Total H Heat ContH Tot H Chem Ex Phy Ex Tot Exergy
@ nserteatLoss 18 DST Temperature |7oo.oo_|'c kg Nm? kmol |kWh kWh  kwWh/mol  kWh/mol kWh  kwWh kWh
(@) Insert Energy Feed 19 Pressure 1.00 bar 0.00 0.00
20 Fix Total 0.00 wt-% 0.00 0.00 0.00| 0.00 0.0 0.00 0.00 0.00|
21 Fe203 0.00 0.00 0.00 0.00 0.00 0.0 2662 -20248 000 0.0 0.00
22 Fe304 0.00 0.00 0.00 0.00 0.00 0.0 39.74 27012 000 000 0.00
23 Si02 0.00 0.00 0.00 0.00 0.00 0.00 1210 -24092 000 0.0 0.00
24 c 0.00 0.00 0.00 0.00 0.00 0.0 3.12 312 000 000 0.00
25 -
4 < » ' Input, Output /Dist /Controls /Model < ’

Fig. 7. Output streams are specified on the Output sheet.

You need to specify the species, temperatures, and the measure units of the output
streams. Please note that the output stream amounts and species distributions cannot be
edited manually, as they will be calculated later.

The Output and Dist sheet streams have been synchronized with each other. This means
that when you type species on the Output sheet they will also appear on the Dist sheet.
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42.7. Step 7. Create A Model

BH shaft Furnace — JCoJx
File Edit Insert

[Pyro ion Mode | e M
Normal (Distributions sheet) A B C D J X Y AO BE CA CH DbC EA -
£ Convert to Equiibrium Mode 1 ! Distributions Elements (< Fe N o Si
X/ Convert to Mixer ; Total H Shift
4 Flags Balance kWh 296465.61|  Balance kg -980.00 -137483.73 0.99 -57852.87  -4683.70
5 Input kWh -296465.61 Input ke| 980.00 137483.73 099 57852.87  4683.70)
S 6 Output kWh 000  Output kgl 0.00 0.00 0.00 0.00 0.00
[Tools | wt-%| 0.00 0.00 0.00 0.00 0.00
8 Process Gas Stream Dist. wt-%|
(&) Hide Non-essential Columns 9 Dist. Type Fixed h Fixed Y Fixed
(&) Dist Sheet Rows (Visible) 10 Amount kg 0.00 0.00 0.00
11 Species Total wt-%) 0.00 0.00 0.00
[Controls 1| 12 N2(g) Fixed N
&) Add New Control 13 02(g) F\xed: 0
14 colg)
3> Show Controls Sheet 15 co2(g)
[Insert |28
17 Hematite Pellets Stream Dist. Wt-%|
(&) Insert Heat Loss 18 Dist. Type Fixed " Fixed ) Fixed " Fixed
(&) Insert Energy Feed 19 Amount kg| 0.00 0.00 0.00 0.00|
20 Species Total  wt% 0.00 000 000 0.00
21 Fe203
22 Fe304
23 si02
24 c Fixed' @q
25 <
< » ]\ Input /Output, Dist /Controls /Model < '

Fig. 8. Element distributions need to be specified on the Dist sheet.

The Sim Distribution mode automatically calculates the total input amounts for the input
streams and converts these into elements. The user must specify on the Dist sheet how
these elements will be distributed:

a) into output streams
b) into species within one stream

The Popup list tool can be used in the specification procedure. This tool is automatically
opened when you click a cell where the operation is possible. The options are:
- Fixed
The distribution is fixed with a constant %-value or an Excel-type formula.
Only a constant value cell may be used as a variable on the Controls sheet!
- Rest
When all the specifications have been made for a certain element, then the remaining
fraction of the element must go to one species and one phase.
- Float
This option means that the current cell has been automatically specified by the other
elements like metals. It is usually wise to specify oxygen, sulfur, etc. as floating elements.
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Step 7.a - Distribution to Output Streams

BH shaft Furnace
File Edit Insert

[Pyro ion Mode | e M
Normal (Distributions sheet) A B C D X Y AO BE CA CH DbC EA -
£ Convert to Equiibrium Mode 1 ! Distributions Elements (< Fe N o Si
X/ Convert to Mixer ; Total H Shift
4 Flags Balance kWh 296465.61| Balance kg -980.00 -137483.73 -0.99 -57852.87 -4683.70|
5 Input kWh -296465.61| Input kg| 980.00 137483.73 0.99 57852.87 4683.70
S 6 Output kWh 000|  Output kgl 0.00 0.00 0.00 0.00 0.00
[Tools | 7 wi-9%| 0.00 0.00 0.00 0.00 0.00]
8 Process Gas Stream Dist. wt-%)
(&) Hide Non-essential Columns 9 Dist. Type Fixed Fixed Y Fixed
(€ Dist Sheet Rows (Hidden) 10 Amount kg| 0.00 0.00 0.00
11 Species Total wt-%| 0.00 0.00 0.00
[Controls 1|17 Hematite Pellets Stream Dist. wt-%
@ Add New Contral 18 Dist. Type Fixed “Fixed A Fixed “Fixed
19 Amount kg 0.00 0.00 0.00 0.00|
[ EEETESS 20 Species Total  wt% 0.00 0.00 0.00 0.00

[Insert |

(@) Insert Heat Loss

(&) Insert Energy Feed

W< » n|\ Input /Output; Dist /Controls /Model

Fig. 9. Distribution to output streams.

9 (22)

When distributing the elements to output streams, it might be helpful to hide the species
rows with the "Dist Sheet Rows" button in the left-hand panel (Fig. 9).

An easy way to start is to fix the elements which are present only in one stream. In this

example, this applies to nitrogen (N), iron (Fe), and silicon (Si). Nitrogen is present only in
the "Process Gas" stream, whereas iron and silicon are only found in the "Hematite Pellets"
stream. To distribute these elements, set their status to Fixed in the correct streams and
give their wt-% value as 100 (Fig. 10). Note that you can also use the Rest status for the
elements that are found only in one stream.

BH shaft Furnace
File Edit Insert

[Pyro BT ]| oc17 v 100
Normal (Distributions sheet) A B C D X Y AO BE CA CH bC EA -
£ Convert to Equiibrium Mode 1 Distributions Elements (< Fe N o Si
X/ Convert to Mixer ; Total H Shift
4 Flags Balance kWh 296465.61| Balance kg -980.00 -137483.73 -0.99 -57852.87 -4683.70|
S Input kWh -296465.61| Input kg| 980.00 137483.73 0.99 57852.87 4683.70
S 6 Output kWh 000|  Output kgl 0.00 0.00 0.00 0.00 0.00
[Tools | 7 wi-9%| 0.00 100.00 100.00 0.00 100.00]
8 Process Gas Stream Dist. wt-%) 100.00
(&) Hide Non-essential Columns 9 Dist. Type Fixed Fixed Y Fixed
€ Dist Sheet Rows (Hidden) 10 Amount kg| 0.00 0.99 0.00
11 Species Total Wt-%| 0.00 0.00 0.00
[Controls 1|17 Hematite Pellets Stream Dist. wt-% 100.00 100.00l
@ Add New Contral 18 Dist. Type Fixed “Fixed Fixed Fixed
19 Amount kg| 0.00 137483.73 0.00 4683.70
[ EEETESS 20 Species Total  wt% 0.00 0.00 0.00 0.00

[Insert |

(@) Insert Heat Loss

(&) Insert Energy Feed

W< » n|\ Input /Output; Dist /Controls /Model

Fig. 10. Fixing elements (N, Fe, and Si) in the output streams.
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For elements that are present in several streams, distribution can be done e.g. by fixing a
value for one stream and letting the remaining amount go to the other. For example, you
can define that 0.1 wt-% of carbon (C) goes into the "Hematite Pellets" stream and the rest
will be distributed to the "Process Gas" stream. To do this, set the status of carbon to Fixed
in the "Hematite Pellets" stream and give the wt-% value as 0.1, then set the status of
carbon in the "Process Gas" stream as Rest (Fig. 11).

BH shaft Furnace —Jojix
File Edit Insert

‘wm jon Mode ‘ AOC9 v Rest
Normal (Distributions sheet) A B C D J X Y AO BE CA CH DbC EA -
£ Convert to Equiibrium Mode 1 Distributions Elements (< Fe N o Si
2
44 Convert to Mixer 3 Total H Shift
4 |Flags Balance kWh 296465.61[  Balance kg|  -980.00 -137483.73 0.99 -57852.87  -4683.70|
s Input kWh -296465.61 Input kg| 980.00 137483.73 099 57852.87  4683.70)
S 6 Output kWh 0.00) Output kg| 0.00 0.00 0.00 0.00 0.00)
ook | wt-% 100.00 100.00 100.00 0.00 100.00)
8 Process Gas Stream Dist. Wt-% 99.90 100.00
(&) Hide Non-essential Columns 9 Dist. Type Rest Fixed Y Fixed
€ Dist sheet Rows (Hidden) 10 Amount kg Ed_{ 0.99 0.00
1 Species Total wt-%| Fioat 0.00 0.00
[Controls 1|17 Hematite Pellets Stream Dist. wt-%) 0.10 100.00 100.00}
@ Add New Contral 18 Dist. Type Fixed “Fixed Fixed “Fixed
19 Amount kg| 098 137483.73 000  4683.70)
B 20 Species Total  wt% 0.00 0.00 0.00 000 |
[Insert |
(@) Insert Heat Loss
(&) Insert Energy Feed
W4 » |\ Input [Output, Dist (Controls /Model « »

Fig. 11. Fixed fraction of carbon in the pellets stream and rest in the gas stream.

Finally, oxygen needs to be distributed to the output streams. In the "Hematite Pellets"
stream, oxygen is present in iron oxides and silica. By letting the iron and silicon content of
the pellet stream determine the amount of oxygen, the status can be set as Float. The rest
of the oxygen will be distributed to the "Process Gas" stream by setting the status as Rest
(Fig. 12).

BH shaft Furnace —Jojix
File Edit Insert

‘WN on Mode ‘ CH9 v Rest
Normal (Distributions sheet) A B C D J X Y AO BE CA CH DbC EA -
£ Convert to Equiibrium Mode 1 Distributions Elements (< Fe N o Si
2
44 Convert to Mixer 3 Total H Shift
4 |Flags Balance kWh 296465.61[  Balance kg|  -980.00 -137483.73 0.99 -57852.87  -4683.70|
5 Input kWh -296465.61 Input kg| 980.00 137483.73 099 57852.87  4683.70)
S 6 Output kWh 0.00) Output kg| 0.00 0.00 0.00 0.00 0.00)
ook | wt-% 100.00 100.00 100.00 100.00 100.00)
8 Process Gas Stream Dist. wt-%| 99.90 100.00 100.00
@ tide Non-essential Columns 9 Dist. Type Rest 3 Fixed Rest
©) Dist Sheet Rows (Hidden) 10 Amount kg 979.02 0.99 m
1 Species Total wt-% 0.00 0.00 | Fioat
[Controls 1|17 Hematite Pellets Stream Dist. wt-%) 0.10 100.00 0.00 100.00}
@ Add New Contral 18 Dist. Type Fixed “Fixed Float “Fixed
19 Amount kg| 098 137483.73 000  4683.70)
[ EEETESS 20 Species Total  wt% 0.00 0.00 0.00 0.00
[Insert |
(@) Insert Heat Loss
(@) Insert Energy Feed
W4 » |\ Input [Output, Dist (Controls /Model < »

Fig. 12. Distribution of oxygen to output streams.

Please note that after the elemental distribution to the output streams is finished, the wt-%
values in row 7 should all be 100.
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42.7.2. Step 7.b - Distribution to Species within Streams

BH shaft Furnace — JCoJx
File Edit Insert

[Pyro ion Mode | e M
Normal (Distributions sheet) A B C D J X Y AO BE CA CH DbC EA -
£3] Convert to Equilbrium Mode 1 ! Distributions Elements (< Fe N o Si
X/ Convert to Mixer ; Total H Shift
4 Flags Balance kWh 296465.61|  Balance kg -980.00 -137483.73 0.99 -57852.87  -4683.70
5 Input kWh -296465.61 Input ke| 980.00 137483.73 099 57852.87  4683.70)
S 6 Output kWh 000|  Output kgl 0.00 0.00 0.00 0.00 0.00
[Tools | wt-%| 100.00 100.00 100.00 100.00 100.00|
8 Process Gas Stream Dist. wt-%| 99.90 100.00 100.00
(&) Hide Non-essential Columns 9 Dist. Type Rest h Fixed YRest
@ Dist sheet Rows (Visile) 10 Amount kg 979.02 099  57852.87
1 Species Total wt-%) 0.00 0.00 0.00
[Controls 1| 12 N2(g) Fixed. N
(@) Add New Control 13 02(g) F\xed: 5
14 colg)
3> Show Controls Sheet 15 co2(g)
[Insert |28
17 Hematite Pellets Stream Dist. Wt-%| 0.10 100.00 0.00 100.00]
(@ InsertHeat Loss 18 Dist. Type Fixed " Fixed ) Float " Fixed
© Insert Energy Feed 19 Amount kg 0.98 137483.73 0.00  4683.70]
20 Species Total  wt% 0.00 000 000 0.00
21 Fe203
22 Fe304
23 si02
24 c Fixed' q
25 <
< » ]\ Input /Output, Dist /Controls /Model < '

Fig. 13. Distribution of elements to species.

All the species in the streams need to be assigned with an element in column Y and a
status in column X. These parameters together are used to distribute the elements to
species. Species that contain only a single element have their element assigned
automatically.

In the "Hematite Pellets" stream, it is easiest to start with carbon (C) and silica (SiO2). For
carbon atoms, there is only one species (C), so this species can be assigned to contain
100% of the stream's carbon content. Similarly, you can fix the silica amount by assigning
the species to the element Si, and setting the species to contain 100% of the stream's
silicon content (Fig. 14).

BH shaft Furnace — JCoJx
File Edit Insert

‘wm on Mode ‘ DC23 v 100
Normal (Distributions sheet) A B C D J X Y AO BE CA CH bC EA -
£3] Convert to Equilbrium Mode: 1 Distributions Elements (< Fe N o Si
X/ Convert to Mixer ; Total H Shift
4 |Flags Balance kwh 256288.85|  Balance kg| -979.02 -137483.73 0.99 -52516.57 0.00
5 Input kWh -296465.61] Input kg| 980.00 137483.73 099 57852.87  4683.70)
S 6 Output kWh -40176.76 Output kg| 0.98 0.00 000 533630  4683.70)
ook |7 wt-% 100.00 100.00 100.00 100.00 100.00
8 Process Gas Stream Dist. wt-%| 99.90 100.00 90.78
(&) Hide Non-essential Columns 9 Dist. Type Rest h Fixed YRest N
@ Dist Sheet Rows (Visble) 10 Amount kg| 979.02 099  52516.57
1 Species Total wt-% 0.00 0.00 0.00
[Controls [ 12 N2(g) Fixed N
(@) Add New Control 13 02(g) F\xed: 5
14 co(g)
2> show Controls Sheet 15 co2(g)
[Insert |28
17 Hematite Pellets Stream Dist. wt-% 0.10 100.00 9.22 100.00)
(@ InsertHeat Loss 18 Dist. Type Fixed " Fixed ) Float " Fixed
@ tnsert Energy Feed 19 Amount kg| 098 137483.73 533630  4683.70)
20 Species Total w3 100.00 000 100.00 100.00)
21 Fe203
22 Fe304 A ) ) |
23 si02 Fixed si 100.00[ 100.001
24 c Fixed' q 100.00
25 -
W4 » ]\ Input [Output Dist (Controls /Model < ’

Fig. 14. Carbon and silicon distribution in the pellets stream.
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Iron is distributed between magnetite (Fe304) and hematite (Fe203). In this example, it is
assumed that almost all of the magnetite is oxidized. This can be simulated by fixing 1% of

stream's iron content to Fe304 and distributing the rest to Fe203 (Fig. 15).

BH shaft Furnace
File Edit Insert

[Pyro ion Mode | M|
Normal (Distributions sheet) A B C D J X Y AO BE CA CH DbC EA -
£3] Convert to Equilbrium Mode 1 Distributions Elements (< Fe N o Si
X/ Convert to Mixer ; Total H Shift
4 Flags Balance kwh 7331.26| Balance kg -979.02 0.00 -0.99 6498.59 0.00
s Input kWh -296465.61] Input kg| 980.00 137483.73 099 57852.87  4683.70)
S 6 Output kWh -289134.35 Output kg| 098 137483.73 000 6435146  4683.70)
ook |7 wt-% 100.00 100.00 100.00 100.00 100.00
8 Process Gas Stream Dist. wt-%| 99.90 100.00 -11.23
(&) Hide Non-essential Columns 9 Dist. Type Rest h Fixed YRest N
@ Dist Sheet Rows (Visble) 10 Amount kg| 979.02 099  -6498.59
1 Species Total wt-% 0.00 0.00 0.00
[Controls [ 12 N2(g) Fixed N
(@) Add New Control 13 02(g) F\xed: 5
14 co(g)
2> show Controls Sheet 15 co2(g)
[Insert |28
17 Hematite Pellets Stream Dist. wt-% 0.10 100.00 111.23 100.00)
(@ InsertHeat Loss 18 Dist. Type Fixed " Fixed Float " Fixed
@ tnsert Energy Feed 19 Amount kg| 098 137483.73 6435146  4683.70
20 Species Total w3 100.00 100.00 100.00 100.00)
21 Fe203 Rest Fe| 99.00 90.89
22 Fe304 Fixed' Fe 1.00] 0.82
23 si02 Fixed si 8.29 100.00)
24 c Fixed' q 100.00
25

< » ]\ Input /Output, Dist /Controls /Model

Fig. 15. Iron distribution to the pellets stream.

Next, the elements can be distributed to the "Process Gas" stream. Again, an easy way to
start is to distribute the nitrogen (N) atoms to the only species (N2(g)) which contains
nitrogen (Fig. 16).

BH shaft Furnace
File Edit Insert

‘wm on Mode ‘ CA12 v 100
Normal (Distributions sheet) A B C D J X Y AO BE CA CH DbC EA -
£3] Convert to Equilbrium Mode: 1 Distributions Elements (< Fe N o Si
X/ Convert to Mixer ; Total H Shift
4 Flags Balance kwh 7331.46| Balance kg -979.02 0.00 0.00 6498.59 0.00
5 Input kWh -296465.61] Input kg| 980.00 137483.73 099 57852.87  4683.70)
S 6 Output kWh -289134.15|  Output kg| 098 137483.73 099 6435146  4683.70)
ook |7 wt-% 100.00 100.00 100.00 100.00 100.00
8 Process Gas Stream Dist. wt-%| 99.90 100.00 -11.23
(&) Hide Non-essential Columns 9 Dist. Type Rest h Fixed YRest N
@ Dist Sheet Rows (Visble) 10 Amount kg| 979.02 099  -6498.59
11 Species Total _ wt% 0.00 100.00 0.00
[Controls 1|12 N2(g) Fixed N 100,00
&) Add New Control 13 02(g) Fixed o)
14 co(g)
3> Show Controls Sheet 15 co2(g)
[Insert |28
17 Hematite Pellets Stream Dist. wt-% 0.10 100.00 111.23 100.00)
(@ InsertHeat Loss 18 Dist. Type Fixed " Fixed ) Float " Fixed
@ tnsert Energy Feed 19 Amount kg 098 137483.73 6435146  4683.70
20 Species Total w3 100.00 100.00 100.00 100.00)
21 Fe203 Rest Fe| 99.00 90.89
22 Fe304 Fixed Fe 1.00 0.82
23 si02 Fixed si 8.29 100.00)
24 c Fixed' q 100.00
25

< » ]\ Input /Output, Dist /Controls /Model

Fig. 16. Nitrogen distribution in the gas stream.

For the carbon-containing species (CO(g) and CO2(qg)), it can be assumed that enough
oxygen is provided for all of the carbon in the gas stream to be oxidized into carbon dioxide.
Thus, carbon (C) can be assigned to both species and the CO(g) will be fixed at 0.00, and
for CO2(g) the status can be set as Rest (Fig. 17).
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B shaft Furnace — o
File Edit Insert
‘ Pyro jon Mode ‘ X15 v Rest
Normal (Distributions sheet) A B c D J X Y AO BE CcA CH DC EA
£3] Convert to Equilbrium Mode: 1 Distributions Elements (< Fe N o Si
X/ Convert to Mixer ; Total H shift
4 | Flags Balance kwWh -854.73| Balance kg 0.00 0.00 0.00 9106.82
5 Input KWh -296465.61 Input kg 980.00 137483.73 099  57852.87
S 6 Output kWh -297320.34 Output kg| 980.00 137483.73 099  66959.69
ook | wt-% 100.00 100.00 100.00 100.00
8 Process Gas Stream Dist. wt-%| 99.90 100.00 -11.23
(&) Hide Non-essential Columns 9 Dist. Type Rest h Fixed YRest N
(&) Dist Sheet Rows (Visble) 10 Amount kel 979.02 0.99 -6498.59
1 Species Total wt-% 100.00 100.00 -40.14
[ | 12 N2(g) Fixed N 100.00
&) Add New Control 13 02(g) F"‘e": o)
14 co(g) Fixed ¢ 0.00 0.00
12> show Controls Sheet 15 C0o2(g) Rest C| 100.00 -40.14
[fmsart | 16 Fixed
17 Hematite Pellets T 0.10 100.00 111.23 100.00)
(&) Insert Heat Loss 18 Dist. Type Fixed " Fixed Float " Fixed
@ tnsert Energy Feed 19 Amount kg 098 137483.73 6435146  4683.70
20 Species Total _ wt% 100.00 100.00 100.00 100.00)
21 Fe203 Rest Fe 99.00 90.89
22 Fe304 Fixed Fe| 1.00 0.82
23 si02 Fixed si 8.29 100.00)
24 c Fixed q 100.00
25

< » ]\ Input /Output, Dist /Controls /Model

Fig. 17. Carbon distribution in the gas stream.

The final thing to do is to distribute all excess oxygen atoms (O) to oxygen gas (0O2(g)). Th

can be done by setting the status to Rest (Fig. 18).

B shaft Furnace — o
File Edit Insert
‘Wm on Mode ‘ X13 v Rest
Normal (Distributions sheet) A C D J X Y AO BE CA CH DbC EA
£3] Convert to Equilbrium Mode: 1 Distributions Elements (< Fe N o Si
X/ Convert to Mixer ; Total H shift
4 | Flags Balance kWh  -2575.91 Balance kg 0.00 0.00 0.00 0.00
5 Input KWh -296465.61 Input kg 980.00 137483.73 099  57852.87
S 6 Output kWh -299041.52 Output kg| 980.00 137483.73 099  57852.87
ook | wt-% 100.00 100.00 100.00 100.00
8 Process Gas Stream Dist. wt-%| 99.90 100.00 -11.23
(&) Hide Non-essential Columns 9 Dist. Type Rest h Fixed YRest N
(&) Dist Sheet Rows (Visble) 10 Amount kel 979.02 0.99 -6498.59
1 Species Total wt-% 100.00 100.00 100.00
[ | 12 N2(g) Fixed N 100.00
@ Add New Contral 13 02(g) Resl! ) 140.14
14 co(g) Fixed ¢ 0.00 0.00
B oslCouo: Seet 15 co2(g) 4 100.00 -40.14
[Insert |28
17 Hematite Pellets Stream Dist. wt-%| 0.10 100.00 111.23 100.00)
(&) Insert Heat Loss 18 Dist. Type Fixed " Fixed Float " Fixed
@ tnsert Energy Feed 19 Amount kg 098 137483.73 6435146  4683.70
20 Species Total _ wt% 100.00 100.00 100.00 100.00)
21 Fe203 Rest Fe 99.00 90.89
22 Fe304 Fixed Fe| 1.00 0.82
23 si02 Fixed si 8.29 100.00)
24 c Fixed q 100.00
25

< » ]\ Input /Output, Dist /Controls /Model

Fig. 18. Oxygen distribution in the gas stream.

i

i

1S

Now the distribution of elements in the output streams is ready. It is important to notice that

for a correctly filled Dist sheet, the Balance value for all of the elements is equal to zero

(Fig. 19). This indicates that all the atoms are conserved, and thus the elemental balance is

maintained.
A B C D X Y AO BE CA CH DC

1 Distributions Elements (¢ Fe N o Si
2

3 Total H Shift

4 Flags Balance kWh  -2575.91 | Balance 0.00 0.00 0.00 0.00 0.00
5 Input kWh -296465.61 Input kg| 980.00 137483.73 099  57852.87 4683.70
6 Output kWh -299041.52 Output kgl 980.00 137483.73 099  57852.87 4683.70
7 wt-% 100.00 100.00 100.00 100.00 100.00

Fig. 19. Zero values indicate that all the atoms are conserved.
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42.8. Step 8. Create the Controls

Controls are often used to regulate distribution values, output stream compositions and
heat balances. For each control we have to specify:

1) A target cell and a Set Point value for this cell
2) A variable cell used to regulate the target cell

The variable cell must have some effect on the target cell parameter. If this is not true, then
the control will not work. The situation is exactly the same when you control real processes
and plants.

In this example two controls are used: one to regulate the O2 content in the "Process Gas"
stream, and another to ensure that the heat balance is maintained.

First, add two controls to the sheet by clicking the Add New Control button in the left-hand
panel, and type the name of the first control (Fig. 20).

ﬁ Shaft Furnace —Jla [ x

File Edit Insert

Pyro Calculation Mode D8 v 02%in Output
Normal (Distributions sheet) A B C D E F G -
& Convert to Equilibrium Mode 1
2
4] Convert to Mixer 3
Distributi 4
5
[2> Show Distribution Sheet 6
Tools | -
8 Y TARGET NAME 02% in Output
(&) Hide Non-essential Columns 9 Process unit
@ Dist Sheet Rows (Visible) 10 Measurement Unit
11 Set Point
Controls 1| 12 Measured
‘ (€3 Add New Control ‘ 13 Tolerance +/- 3
14
2> Show Controls Sheet 15 X VARIABLE NAME
Insert ] 16 Process Unit
17 Measurement Unit
(€3 Insert Heat Loss 18 Value
() Insert Energy Feed 19 X Min Limit 0 0
20 X Max Limit 100 100
21 X Max Step
22
23 CONTROL METHOD Auto Smart Auto Smart
24 Active ON ON
25 Iterations Max Limit
26
27 Operation Light (fast) Light (fast)
28 -
4 4 » » [\ Input /Output /Dist; Controls /Model < s

Fig. 20. Controls can be added to the sheet with the Add New Control button.
Next, set the cell reference for the target parameter. For this control, the correct cell can be

found on the Output sheet, cell D13 (Output!D13). To set this cell reference, you can go to
the Output sheet, right-click the correct cell and select Copy cell reference (Fig. 21).
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| B8 shatt Furnace —JlajCx
File Edit Insert
D13 ~  =100"SAFEDIV(Output!G 13;0utputiG11)
Normal (Distributions sheet) A [ c D 3 F G H | ) K L u v w
£4] Convert to Equiibrium Mode 1 Output
2
] Convert to Mixer 3
4 [Flags Outputstreams  Value Units| Amounts HeatContentH  TotalH HeatContH  TotH ChemEx PhyEx Tot Exergy|
s kg Nm®  kmol kWh kWh  kWh/mol kWh/mol  kWh  kWh kWh
(2> Show Distribution Sheet 6 le/h
7 t/h[ 20100129 -4509.80 1190.59 33790.98 -299041.52 4498.48 1693593 21434.41
~ 8 [SRC ProcessGas 455115 Nm*/h|Amounts HeatContentH TotalH  HeatContH TotH  ChemEx PhyEx  Tot Exergy
(&) tide Non-essential Columns 9 |DST Temperature 700.00 °C kg Nm? kmol  [kwh kWh kWh/mol  kWh/mol kWh  kWh kWh
@ Dist sheet Rows (Visble) 10 Pressure 1.00 bar 997.52  -9907.17
11 [Fix Total 100.00 vol-% | -5518.58 -4551.15 -203.05 99752 -9907.17 13598 -478.90  -342.9))
[Controls T 12 N2(g) -0.02 099 079  0.04 0.20 0.20 572 572 001 0.10 0.10]
© AddNew Contral 13 02(g) 140.16]  cuwt 172118 -1721.18 605 605 -31385 -83756 -115141
14 co(g) 000 Copy 0.00 0.00 578 2492 000  0.00 0.00
B> Show Controls Sheet 15 co2(g) -40.14 ey 723.46  -8186.19 888 -100.43 449.82 35857  808.39
16 . Format Cell(s)
17 [sRC Hematite Pellets  206.52 ContentH TotalH  HeatContH TotH  ChemEx PhyEx  Tot Exergy
alieaticat Lo 18 |DST 700.00 Copy cell reference kWh kWh/mol  kWh/mol kWh  kWh kWh
© Insert Energy Feed 19 Pressure 1.00 Paste cell reference 34788.50 -289134.35
20 [Fix Total 20000] s to this stream 34788.50 -289134.35 4362.51 17414.83 21777.34)
21 Fe203 9423 e 32444.77 -246741.02 26.62 -202.48 3970.62 16239.23 20209.85)
22 Fe304 092 ° /p‘ ,‘ 32615 221657 3974 27012 27011 16327 43338
23 si02 4.85 R 2017.34 -40177.01 1210 24092 11248 101220 112467
24 c 00p|  [Insert Control 025 025 312 312 930 013 9.43]
25 Convert this stream to an Inert stream
W< » ]\ Input) Output /Dist /Controls /Model Delete this output stream < [ »

Fig. 21. Copy the cell reference of O2 % in the gas stream.

Then set this cell reference as the control by selecting Paste cell reference for the

Measured value of the O2 % control, cell D12 (Fig. 22).

‘ @ Shaft Furnace - Jlo | x
File Edit Insert v
Pyro Calculation Mode p12 v =OutputiD13
Normal (Distributions sheet) A B C D E F G =
&/ Convert to Equilibrium Mode 1
2
X/ Convert to Mixer 3
Distributions 4
&
2> show Distribution Sheet 6
Tools 4
) 8 Y TARGET NAME 02% in Output
(&) Hide Non-essential Columns ) Process unit
(&) Dist Sheet Rows (Visible) 10 Measurement Unit
11 Set Point
[Controls 12 Measured 140.16 e
13 Tolerance +/- E
(€2 Add New Control 1 / Copy
Past
[2> Show Controls Sheet 15 X VARIABLE NAME Fa S C”
Tt 16 Process Unit ormat Cell(s)
17 Measurement Unit Copy cell reference
(&) Insert Heat Loss 18 Value Paste cell reference
() Insert Energy Feed 19 X Min Limit 0 Insert row(s)
20 X Max Limit 100 : )
21 X Max Step Delete row(s)
22 Delete Control
23 CONTROL METHOD | Auto Smart InsertContiol
24 Active ON ON
25 Iterations Max Limit
26 0l
27 Operation Light (fast) Light (fast)
28 -

M 4 » [ Input /Output /Dist; Controls /Model

Fig. 22. Set cell reference for the target parameter.
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For this target parameter you must assign the Set Point value, which will be the goal that
the control tries to reach. In this example, the Set Point value will be 5.00 vol-%. It is also
recommended to add the process unit and measurement unit to the control (Fig. 23).
Having the units in the controls helps to keep track of their operation.

@ Shaft Furnace - /B x
File Edit Insert v

Pyro Calculation Mode pit M|
Normal (Distributions sheet) A B € D E F G -
& Convert to Equilibrium Mode 1
&/ Convert to Mixer ;
Distributions 4
2> Show Distribution Sheet 2
[Tools Z
8 Y TARGET NAME 02% in Output
&) tiide Non-essential Columns 9 Process unit Shaft Furnace
(&) Dist Sheet Rows (Visible) 10 Measurement Unit vol-%
11 Set Point 5.00
[Controls 12 Measured 140.16
(&) Add New Control 13 Tolerance +/- 3
[2> Show Controls Sheet i: X VARIABLE NAME
[Insert | 16 Process Unit
17 Measurement Unit
() Insert Heat Loss 18 Value
(&) Insert Energy Feed 19 X Min Limit 0 0
20 X Max Limit 100 100
21 X Max Step
22
23 CONTROL METHOD Auto Smart Auto Smart
24 Active ON ON
25 Iterations Max Limit
26
27 Operation Light (fast) Light (fast)
28 -
4 < » M Input /Output /Dist’ Controls /Model < 3

Fig. 23. Assign Set Point value for the control.

Next, set the variable cell reference that will regulate the target parameter. In this example,
you can use the total input of the "Air" stream. To set this cell reference, go to the Input
sheet and copy the correct cell reference (Input!D22) (Fig. 24), and paste the cell reference
on the Controls sheet to the Value cell (Controls!D18). Also fill in the process and
measurement unit information for the variable parameter (Fig. 25).
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@ Shaft Furnace - /| O X
File Edit Insert
Pyro Calculation Mode D22 v
Normal (Distributions sheet) A B C D E E G H I J il
& Convert to Equilibrium Mode 1 Input
2
X/ Convert to Mixer 3
Distributions 4 | Flags Input streams  Value Units| Amounts Heat Content H Total H
5 kg Nm*  kmol kWh kWh
2> Show Distribution Sheet 6 Nm?/h
Took ] 7 . = t/h] 201001.29 42.04 1069.00 -0.01 -296465.61
8 |SRC Magnetite Ore 200.00 t/h Amounts Heat Content H Total H
@ Fide Non-essential Columns 9 |DST Temperature ~ 25.00 °C kg Nm?® kmol |kWh kWh
(&) Dist Sheet Rows (Visible) 10 Pressure 1.00 bar -0.01 -296381.39
11 |Fix Total 100.00 wt-% | 200000.00 40.60 987.03 -0.01 -296381.39
[Controls | 12 Fe304 95.00 190000.00 36.75 820.60| -0.01 -254271.26
@ Add New Control 13 si02 5.00 10000.00 3.85 166.43 0.00 -42110.13=
14
#% Show Controls sheet 15 [SRC Coal 1.00 t/h  |Amounts Heat Content H Total H
Tt ] 16 |DST Temperature 25.00 °C kg Nm?*  kmol kWh kwWh
17 Pressure 1.00 Cut 0.00 -84.22
@ InsertHeat Loss 18 |Fix Total 0000 000  -84.22
@ Insert Energy Feed 19 C 98.00 . 0.00 0.00
20 Si02 2.00 0.00 -84.22
21 Format Cell(s)
22 SRC Air |__1.00] Copy cell reference t ContentH Total H
23 |DST Temperature 25.00 Paste cell reference h kWh
24 Pressure 1.00 . . 0.00 0.00
25 | Fix Total 100.00 Insert new species to this stream 0.00 0.00
26 N2(g) 79.00 Delete Species 0.00 0.00
27 02(g) 21.00 Delete Column(s) 0.00 0.00
28 Insert Control -
M < » M} Input /Output /Dist / Controls / Model Delete this input stream »
Fig. 24. Copy cell reference of the air feed.
@ Shaft Furnace -/ O x
File Edit Insert
Pyro Calculation Mode D18 v =Input!D22
Normal (Distributions sheet) A B C D E F G e
4/ Convert to Equilibrium Mode 1
2
X/ Convert to Mixer 3
Distributions 4
2
2> show Distribution Sheet 6
Tools |
/, 8 Y TARGET NAME 02% in Output
& tiide Non-essential Columns 9 Process unit Shaft Furnace
(&) Dist Sheet Rows (Visible) 10 Measurement Unit vol-%
11 Set Point 5.00
[Controls 1|12 Measured 140.16
(€2 Add New Control 13 Tolerance +/- 2
14
R cacop iR Sest 15 X VARIABLE NAME Air Feed
Tnsert | 16 Process Unit Shaft Furnace
17 Measurement Unit Nm3/h
() Insert Heat Loss 18 Value 1.00 P
() Insert Energy Feed 19 X Min Limit 0 Co
20 X Max Limit 100 &
21 X Max Step R
22 Format Cell(s)
23 CONTROL METHOD Auto Smart Copy cell reference
24 Active ON [ Paste cell reference
25 Iterations Max Limit
26 Insert row(s)
27 Operation Light (fast) Delete row(s)
28 Delete Control -
M 4 » [ Input /Output /Dist; Controls /Model Insert Control s

Fig. 25. Set cell reference for the variable parameter.

17 (22)

Finally, it is recommended to adjust the minimum and maximum limits for the variable
parameter and to set a tolerance value for the target parameter (Fig. 26). After that the

02% control is ready.
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@ Shaft Furnace

File Edit Insert
Pyro Calculation Mode D13 v 0.01
Normal (Distributions sheet) A B C D E F G
k] Convert to Equilibrium Mode 1
L& Convert to Mixer ;
Distributions 4
2
2> show Distribution Sheet 5
[Tools |
8 Y TARGET NAME 02% in Output
@ tide Non-essential Columns 9 Process unit Shaft Furnace
(&) Dist Sheet Rows (Visible) 10 Measurement Unit vol-%
11 Set Point 5.00
[Controls 1|12 Measured 140.16
@) Add New Control 13 Tolerance +/- 0.01
14
R cacop iR Sest 15 X VARIABLE NAME Air Feed
[Insert | 16 Process Unit Shaft Furnace
17 Measurement Unit Nm3/h
() Insert Heat Loss 18 Value 1.00
@ Insert Energy Feed 19 X Min Limit 10000 0
20 X Max Limit 100000 100
21 X Max Step
22
23 CONTROL METHOD Auto Smart Auto Smart
24 Active ON ON
25 Iterations Max Limit
26
27 Operation Light (fast) Light (fast)
28
W Input / Output / Dist’, Controls / Model 3

HSC 8 - Sim Distribution
November 19, 2014

14022-ORC-J

Fig. 26. Variable limits and target tolerance.

m

18 (22)

The Heat Balance control can be made by following the same steps. First, copy the cell
reference for the Total H balance (Dist!J4) (Fig. 27).

n

B shaft Furnace — o
File Edit Insert
[Pyro Mode | ~||=16-15
Normal (Distributions sheet) A B C D J X Y AO BE CA CH DC
£&] convert to Equiibrium Mode 1 Distributions Elements (g Fe N o Si
2
X Convert to Mixer 3 Total H Shift
T
4 Flags Balance kWh| -2575.91] Cut 0.00 0.00 0.00 0.00
5 Input kWh -296465.61 Cop 137483.73 099  57852.87 4683.70)
RS ion PRtk ton Shess 6 Output KWh 29904152 ty 137483.73 099 5785287  4683.70
oo | ot 100.00 100.00 100.00 100.00)
Format Cell(s)
8 Process Gas 100.00 -11.23
(@) tide Non-essential Columns 9 Copy cell reference Fixed Rest
(@) Dist Sheet Rows (Visible) 10 Paste cell reference 099  -6498.59
11 Species ) . 100.00 100.00
T 122 N2(@) Insert new species to this stream 100.00
Delete species
(@) Add New Control 13 02(g) ,p 140.14
14 colg) Delete Column(s 0.00
3> Show Controls Sheet 15 co2(g) Insert Control 4014
[Insert |2
17 Hematite Pellets Stream Dist. wit-%| 0.10 100.00 111.23 100.00|
(@ Insert Heat Loss 18 Dist. Type Fixed " Fixed ) Float " Fixed
@ insert Energy Feed 19 Amount kg| 098 13748373 64351.46  4683.70)
20 Species Tot_aL wt-% 100.00 100.00 100.00 100.00|
21 Fe203 Rest Fe| 99.00 90.89
22 Fe304 Fixed' Fe| 1.00 0.82
23 Sio2 Fixed' Si 8.29 100.00|
24 c Fixed' q 100.00
25

14 < » » [ Input /Output) Dist /Controls /Model

Fig. 27. Copy cell reference of the total enthalpy balance.

Then paste this cell reference to the Measured cell of the Heat Balance control and assign
0.00 as the Set Point (Fig. 28).
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@ Shaft Furnace

File Edit Insert

ro Calculation Mode

Normal (Distributions sheet)
& Convert to Equilibrium Mode

% Convert to Mixer

Distributi

2> Show Distribution Sheet

[Tools

(&) Hide Non-essential Columns

(&) Dist Sheet Rows (Visible)

Controls

(€3 Add New Control

2> Show Controls Sheet

Insert

(€3 Insert Heat Loss

() Insert Energy Feed

HSC 8 - Sim Distribution
November 19, 2014

14022-ORC-J
- [=]
E12 v =Dist!J4
A B G D E F G

1

2

3

4

5

6

7

8 Y TARGET NAME 02% in Output | Heat Balance

9 Process unit Shaft Furnace | Shaft Furnace

10 Measurement Unit vol-% kWh

11 Set Point 5.00 0.00

12 Measured 140.16 -2575.91 Cut

13 Tolerance +/- 0.01

Copy

14

15 X VARIABLE NAME Air Feed Paste

16 Process Unit Shaft Furnace Format Cell(s)

17 Measurement Unit Nm3/h Copy cell reference
18 Value 1.00 Paste cell reference
19 X Min Limit 10000 0

20 X Max Limit 100000 100 Insert row(s)

21 X Max Step Delete row(s)

22 Delete Control

23 CONTROL METHOD Auto Smart Auto Smart Insert Control

24 Active ON ON

25 Iterations Max Limit

26

27 Operation Light (fast) Light (fast)

28

4« » [\ Input /Output /Dist’, Controls /Model

Fig. 28. Set the Total H balance as the target parameter.

< |

m

19 (22)

The variable to regulate the heat balance can be set as the amount of coal fed into the
furnace. Copy the cell reference of the "Coal" stream's total amount (Input!D15) (Fig. 29)

and paste it to the Value cell of the Heat Balance control (Fig. 30).

@ Shaft Furnace -/ a
File Edit Insert
ro Calculation Mode D15 v\
Normal (Distributions sheet) A (c D E F G H I J
& Convert to Equilibrium Mode 1 Input
2
% Convert to Mixer 3
Distributions 4 Flags Input streams Value Units| Amounts Heat Content H Total b
5 kg Nm?  kmol kWh kwt
2> Show Distribution Sheet 6 Nm*/h
Tools 7 t/hJ 201001.29 42.04 1069.00 -0.01 -296465.6:
) 8 |SRC Magnetite Ore 200.00 t/h Amounts Heat Content H Total H
&) Hide Non-essential Columns 9 DST Temperature ~ 25.00 °C kg Nm?® kmol |kWh kWh
(@) Dist Sheet Rows (Visible) 10 Pressure 1.00 bar -0.01 -296381.3¢
11 |Fix Total 100.00 wt-% | 200000.00 40.60 987.03 -0.01 -296381.3¢
M 12 Fe304 95.00 190000.00 36.75 820.60 -0.01 -254271.2¢
@ Add New Control 13 si02 5.00 10000.00 3.85 166.43 000 -42110.1:
14
2> Show Controls Sheet N A
15 |SRC Coal I 1.0 e at Content H Total H
Tnsert 16 |DST Temperature 25.00 - h kWh
17 Pressure 1.00 <L 000  -84.2;
@) Insert Heat Loss 18 [Fix Total 10009  Pte 000 842
@ Insert Energy Feed 19 C 98.0q  FormatCellls) 0.00 0.0(
20 si02 2.00 Copy cell reference 0.00 -84.2]
21 - Paste cell reference —
22 |SRC Air 1.00 at Content H Total H
23 |DST Temperature 25.00 Insert new species to this stream h KWh
24 Pressure 1.0q Delete species 0.00 0.0(
25 |Fix Total 100.00 Delete Column(s) 0.00 0.0(
26 N2(g) 79.00 Insert Control 0.00 0.0(
27 02(g) 21.04 Delete this input stream 0.00 0
28

4« » |\ Input /Output /Dist / Controls / Model

Fig. 29. Copy cell reference of the coal feed.
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@ Shaft Furnace -
File Edit Insert
ro Calculation Mode E18 v =Input!D15
Normal (Distributions sheet) A B C D E F
& Convert to Equilibrium Mode 1
2
£& Convert to Mixer 3
Distributions 4
5
2> Show Distribution Sheet 6
Tools |
8 Y TARGET NAME 02% in Output | Heat Balance
&) Hide Non-essential Columns 9 Process unit Shaft Furnace | Shaft Furnace
(@) Dist Sheet Rows (Visible) 10 Measurement Unit vol-% kWh
11 Set Point 5.00 0.00
[Controls 1|12 Measured 140.16 -2575.91
@) Add New Control 13 Tolerance +/- 0.01
14
R eyt 15 X VARIABLE NAME Air Feed Coal Feed
Tnsert ] 16 Process Unit Shaft Furnace | Shaft Furnace
17 Measurement Unit Nm3/h t/h
(&) Insert Heat Loss 18 Value 1.00 1.00 Cut
@ Insert Energy Feed 19 X Min Limit 10000 0
- Copy
20 X Max Limit 100000 100
Paste
21 X Max Step
22 Format Cell(s)
23 CONTROL METHOD Auto Smart Auto Smart Copy cell reference
24 Active ON ON l Paste cell reference
25 Iterations Max Limit
26 Insert row(s)
27 Operation Light (fast) Light (fast) Delete row(s)
28 Delete Control
4 4 » [\ Input /Output /Dist’, Controls /Model < | Insert Control

Fig. 30. Set Coal feed as the variable.

20 (22)

m

To complete the process controls, add a tolerance value for the heat balance and adjust the
minimum and maximum limits for the coal feed (Fig. 31).

@ Shaft Furnace -
File Edit Insert
ro Calculation Mode E20 v J|100
Normal (Distributions sheet) A B C D E F
& Convert to Equilibrium Mode 1
% Convert to Mixer :
TR T 4
5
2> Show Distribution Sheet 6
[Tools (=
8 Y TARGET NAME 02% in Output | Heat Balance
&) Hide Non-essential Columns 9 Process unit Shaft Furnace | Shaft Furnace
(@) Dist Sheet Rows (Visible) 10 Measurement Unit vol-% kWh
11 Set Point 5.00 0.00
[Controls 1|12 Measured 140.16 -2575.91
&) Add New Control 13 Tolerance +/- 0.01 0.1
14
R eyt 15 X VARIABLE NAME Air Feed Coal Feed
[Insert ] 16 Process Unit Shaft Furnace | Shaft Furnace
17 Measurement Unit Nm3/h t/h
(€3 Insert Heat Loss 18 Value 1.00 1.00
@ Insert Energy Feed 19 X Min Limit 10000 0
20 X Max Limit 100000 100
21 X Max Step
22
23 CONTROL METHOD Auto Smart Auto Smart
24 Active ON ON
25 Iterations Max Limit
26
27 Operation Light (fast) Light (fast)
28

4« » [ Input /Output /Dist’, Controls /Model

Fig. 31. Completed controls.
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42.9. Step 9. Run the Process Model

The process model is now ready and you can start the simulation by pressing the Simulate
button at the top bar (Fig. 32). Next to the Simulate button you can set the number of
iteration rounds. Processes with recycling streams and controls may require several
iteration rounds in order to reach steady state.

i Hsc sims S
File Edit View Select Tools DrawingTools Window Help
e a8 @ | Select visualization . > 0= o8

Magnetite Oxidation X Simulate | 21 x

) B Process | Drawings
e
! 2
s
o=z
2 Magnetite Ore Coal
o
o [Value] [Value]
o=
s Process Gas
- [Value]
Shaft Furnace
Hematite Pellets
[Value]
e
2 Process Tree o2 x
E
2 M shaft Furnace
Air I Air
- I Coal
= [Value] I Hematite Pellets
- I Magnetite Ore
g I Process Gas
o

Page2  Pagsd Process Tree | Unitlcons  Log viewer

©2012 Outotec Oyj | *C bar kWh 100% (= ] )|V Persist Tool [/ Snap to Grid [210,2

Fig. 32. Simulate the process.

Results of the simulation can be shown on the flowsheet by selecting the Stream
Visualization Mode (Fig. 33). The selected property in the adjacent dropdown menu is
shown in each of the stream value labels (Fig. 34).

| @ || Select visualization -
Toggle Stream Visualization Mode

Fig. 33. Stream Visualization.

Visualization can be used with the simulation to study, whether the process reaches steady
state. After a few simulation rounds, the value labels should obtain values which no longer
change when further simulation rounds are run. It is also recommended to check the
controls (Fig. 35). They are OK if the Set Point has been reached within the tolerance.
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ER Hsc sims —Jla]lx
File Edit View Select Tools DrawingTools Window Help
JeE A | ® |Eement:0o® - » 03 o8
[s || Magnette Oxidation Stream Visualizatio 2 x
[ E: 10 50 [0 [i70 F o
=
@ = A 8 c D | E | F [~
o0 ; ! Process Gas
= 3 ProcessGas
o = Magnetite Ore Coal 4 |Temperature °C 700.00
= 0.02t 5  Pressure bar 1.00
ole 57.84t 6 N2(g) t/h 52.40
o 7 |02(g) t/h 3.46
o 2 8 |colg) t/h 0.00
o 9 |co2(g) t/h 8.19
8 =|| |[ 10
9.41t F
e . 1
im || 12
I 13
o o Shaft Furnace B
i 14
[
s Hematite Pellets B
1 =
5 64.37t 1:
B 18
A 19
20
i |21
Air
B 22
8 15.91t 23
4 24
?‘ = 25
]“ _ 26
= |= 27
B | 28
& [~ 29
& = 30
G e L
& (2 32
33
8 ihd || 7 o
‘Pase' ‘Pasd Paged ‘ M« » M Sheetl < m J »
©2012 Outotec Oyj | *C bar kiWh 100% (=) {] &) [V Persist Tool [/ Snap to Grid [182,27

Fig. 34. Element balances and behavior can be seen when element amounts are selected in the
visualization. In this screenshot, the diagram shows the behavior of oxygen in the process.

@ Shaft Furnace - 8 x
File Edit Insert v
Pyro Calculation Mode D12 v =Output'D13
Normal (Distributions sheet) A B C D E F G j2
4] Convert to Equilibrium Mode 1
X/ Convert to Mixer %
T 4
5
[2> Show Distribution Sheet [ 6 |
[Tools |
~ 8 Y TARGET NAME 02% in Output | Heat Balance
@ ide Non-essential Columns | 9 | Process unit Shaft Furnace | Shaft Furnace
(&) Dist Sheet Rows (Visible) 10 Measurement Unit vol-% kWh
11 Set Point 5.00 0.00
[Controls |12 Measured 4.99 0.00
&) Add New Control 13 Tolerance +/- 0.01 0.1 E
14
| B EiE 15| X VARIABLE NAME Air Feed Coal Feed
[Insert ] 16 Process Unit Shaft Furnace | Shaft Furnace
) 17 Measurement Unit Nm3/h t/h
@ Insert Heat Loss 18] Value 53068.87 2.28
(&) Insert Energy Feed 19| X Min Limit 10000 0
20 X Max Limit 100000 100
| 21 | X Max Step
22
23 CONTROL METHOD Auto Smart Auto Smart
24 Active ON ON
| 25 | Iterations Max Limit 4 2
26 |
27 Operation Light (fast) Light (fast)
28 2
<« » [ Input /Output /Dist} Controls /Model | <& »

Fig. 35. Controls

after simulation.

Copyright © Outotec Oyj 2014




