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Outline

 What is the Training Simulator?
e What is the Virtual Plant?
e How to make a Virtual Plant?

 Example (Model Building — SSM, DSM, DSC —
Calibration)

* Tools for Managing the Training
e Devices for Realizing Operator Actions

 Example (Living demonstration is possible
during break time)

« Benefits of Training Simulator
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What is the Training Simulator?

Integrated system of

Hardware Software
Application Engine
Dynamic Process Model Aspen, HYSYS, DynSim,
Pro-ll, CHEMCAD, ShadowPlant
Signal DB, Malfunctions  mmi or HMI, TS&0 (MS-Acc.)

Invensys, Toyo’s TSS, ...

Emulation
Must resemble the actual Professional EXCEL, Special Solutions
plant’s interface (direct c.) Honeywell, Emerson
Yokogawa, ...
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Training Simulator Modules at Nor-Par

« Virtual Plant > Complex dynamic model with CHEMCAD
e Instructor Interface - TS&O
e Operator Interface - Work Station Emulation (EXCEL)

« Chemstations (Houston)

— CHEMCAD (steady state process simulation)
 CC-THERM (rigorous heat exchanger calculation)
* CC-ReACS (dynamic modeling of vessel reactor — batch / semi batch / continuous)
» CC-DCOLUMN (dynamic modeling of distillation / absorption column, tray / packing)
* Tools for data reconciliation, data mapping (EXCEL)
* Technology for integration of user-specified algorithms (EXCEL / Visual Basic)
* OPC compliant system

 Nor-Par a.s (Oslo)
— Selling (CHEMCAD, Pipenet (Sunrise), TRIFLEX (PipeSolutions), ...
— Technical support, consulting work
— Development (PLANT2CC family for online simulation, TS&O)
— Engineering work (Applications)
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What is the Virtual Plant?

The Virtual Plant is complex dynamic model, which

— simulates the plant as closely as is technically and
economically feasible

— can be driven to the plant operating limits

— safe in the knowledge that the predictions and results
are a close reflection of reality

— has been built around the need for running the “plant”
In normal and abnormal conditions and in start-up and
shut-down situations

Blue copy of the plant.
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Model Building

(How to make Virtual Plant?)

Thermodynamics
Steady State Model (Simple / Detailed, Analysis)
Calibration (Parameters, Model development, Off-line)
--------------------- All application ---------------------
Dynamic Model
Calibration (Dynamic analysis)
-------------- For simulation & training ---------------
Tuning (Control System)
Test runs
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DISTILLATION EXAMPLE i 108.27
NOR-PAR ONLINE - —_—
TRAINING SIMULATOR 14610
11833
Vent
FEED = » 680 mbar
14484 kg/h 131.23
153.20
155.00
) 163.00
MS 8 EAG10
3950 kgh
6051 kg/h 5925 kgi/h
« > Distillate
MC 4=+ = = r =t = s =
165.40
L 4
8575 kglh
#» B-Product
ol
P4610
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Model Building

(How to make Virtual Plant)
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T190.00C
P 4045.25 mbar
W 14483 kg/h

E— 4

Tray 2T=108.1 C~0OK
Tray 42 T=158.5 C ~OK

Te521C
F 675.00 mbar
W 5951 kg/h
5 —
T158.50C
g — )

T 165.72 C
P 775.00 mbar
W 8532 kg/h

Nor-Par a.s
Calibrated starting case
08 of September 2004
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Temperature Profile
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Liquid Profile
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Liquid Profile
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Packed Tower

with Billet-Schultes Correlation
Mellapak, M, 250Y

(Stroctured Packing)

*Flood

Vap Load
kg/ (m2*=sec)

Lig Load
kg/ (m2*=sec)
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Sensitivity Analysis

Control Tray #42 Temperatures

Component
concentration, ppm

Lol LS Bottom Poduct
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T190.00C
P 4045.25 mbar
W 14483 kg/h

E— 4

Tray 2T=108.1 C~0OK
Tray 42 T=158.5 C ~OK

Te521C
F 675.00 mbar
W 5951 kg/h
5 —
T158.50C
g — )

T 165.72 C
P 775.00 mbar
W 8532 kg/h

Nor-Par a.s
Calibrated starting case
08 of September 2004

> B
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DISTILLATION EXAMPLE

NOR-PAR ONLINE

TRAINING SIMULATOR
Voo
: "7 Fic3604
. . 14484 koh
| e e - i
: F
FEED e £
57.04 %
.-‘_"\-\.\..\
e
/ 1
T Tic4602 !
= St iy 157.95 C--
.rlgu,,l_,,?j FIC-4602
b 3950 ugrnr’
| I ]
MS5 — L N E4610
T6.57 %
PAC s i s

Training Simulator

I i
i I
i I
' 108.27 2000 AmbientT.
: 0.00 min.
 ——
i
..... i
i
11833 ~~. | PIC4601
lfjl -' §79.99 mbar
L
Vent
- ‘
13123 SN P4615
153.20 DeG11
/ 3
155.00 ./ LIC-4602
4338 %
161.48
163.00
LIC-4601 FIC-4603
6522 |% 5925 kaih
o~ oy i
e ; o
N < = - » Distillate
! 68.46 % 4269 %
_________________________________ 4
165.40 E*“_‘“; FIC4615
i i 8575 kah
L 4 | ‘*--.I:f ______ |
OMN : ]
..' ' > > » B-Product
= 66.52 %
P4610
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Model Building

(How to make Virtual Plant)
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Detailed Steady State Model
MNor-Par a.s
2004

--------------------------------------------------

Condenser !

__________________

Reboiler :

Calculation mode: Sequential modular Re1.04




Model Building

(How to make Virtual Plant)
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Feed-—p[J(] - —

Inert

@FIC-E#EE

Reboiler

LCILIC-6401

Dynamic Model

ﬂ

@Lm-suz

@FIC-EME

Calculation mode:

Simultaneous modular

e

®

@ FIC-6404

Nor-Par a.s
2004
Condenser
-
@Tn:-sess
i@mc-s.ﬂ.m

@FIE-E#EE
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[w Activate controller

Senzor Funchio

v Activate controller

|S et point | 592038

|EI Lirizar function

Steady state output [PO] |14.6673 Variable Min 1006

Yariable b ax 2
Proportional band [FE] oo Chrl imput mir 4

|I:I Linear function |1

Steady state output (PO) |10.9922 Wariable Min 1e-006

Wariable kMax 3000
Proportional band [FE] EDEI Cirl input rain 4

|ntegral time [Ti] |3EI— ik Chrl input max |20
Derivative time [Td] l— ity

{* Erar = - ¥zet [CP.L)
ar " Errar = ¥zet - ¥ [H.F)

Primary [0

Control wakve 10,
Cazcade |0

teazured Object
= Skeam 1D nurmber |4 Y ariable 43 Cale lev 1

f Equipment Component  |<MNaones
Wariable unit |18 Length

{j.;:lLl; 402

_Js.  Pressure!

|ntegral time [Ti] 0.16EY ik Ctrl input max 20

Derivative time [Td] miry

(" Emar = - #set [CP.L)
Contral walve [0 (% Emor =¥zet - ¥ [H.F]
Cazcade ID F'nmar_l,I ID‘
teazured Object
{* Skeam 10 nurnber 3 VY ariable E Tatal mass rate
{" Equipment Component | <Mones

Yariable unit |1 Mole/Mass

[\#alve flow coefficient] |13.7 [abve bupe |

')
Rrangeabilty l.m— Equal percentage valve

" Linear valve

Contraller 1D Critical flow Factar 0.9a
Walve position 2 42 BEVR Downstrean pressure rnbrar
Contraller /% akve Pozition: Sl pressLz Rsl

Valve fi - |'31— Calculated rezults:
alve time congtan )

Calc. flow rate 892031 kgth
Walve Ay 0.0625

Controller autput 10,8268
Walve By 0.25

Steady state pogition 43,7011
Walve mode | Fix valve pozsition, adjust flow rate Contraller output 55 10,9922
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Prezzure at node 7455.64 rbrar Finimumm pressure mbar
Elevation i b aximum prezsure mbar
Flowrate Options
Inlet Strearns Outlet Strearns
Stream Mode Walue Strear Mode Walue
13 |F|DW set by Unitdp ﬂ_} PUMP 10 |FI|:|I.-'-.I zet by Unitdp j —\ALVE
A | J | 3 |FI|:|I.-'-.I zet by UnitDp j —\ALVE
N BN a7 Flow set by UritDp v | =2\ AL VE
N/ | =] | N2 | ~] |
M/ | =] | N2 | ~] |
Calculated
12 3 4 5
P1 P Fin Fol Fo2 Fo3
Simultaneous modular technique
Fin - (Fo1 + Fo2 + Fo3)=0 (1)
Fin = filPUMP, (P-P1)) (2)
Fo1=f{VALVE, (P-P1)) (3)
el Fo2= f{\VALVE, (P-P2)) (4)
Fo1 Fol= f{(VALVE, (P-P3)) (5)

P3 ... around next node +
4':[%13;'—'@—'— — O dynamic vessels

column




Model Building

(How to make Virtual Plant)
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Pressures

0 10 20 3 40 B0 60 FO 80
min

Gain
Time constant(s)
Interactions!

Pressure control valve opening: Actual + 5 %
Open loop analyzis with dynamic model

@ FIC-Gd0d

_-&]-u_—@_u—-Lh-O_—-—:l_u—
OFF OFF
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Control Temperature and
Bottom Concentration deg €

wrfr
o e Pressure control valve opening: Actual + 3 %
8.00E-04 164 Open loop analyzis with dynamic model
T.00E-04 163
6.00E-04 162
PonEes T
4.00E-04 160 -m—
3.00E-04 159
2.00E-04 ==L 158 —
1.00E-04 187
0.00E400 w | T T Rebaiior | 34

0 10 20 30 40 50 &0 TO 80 ¢ G:-E}F"”*‘” '

i F

wir Light Key Component at Top

@ucmz

FCIFIC5413
i

l:$ Lic-£401 . »[;1 . .. . — @ FIC-5d04
5 P

-1]'11]'21]'31]'41]'5051}71}31} DFFDFF

min
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\_/L ___________________ T10827C Dynamic Model
: Column ; P 650 mbar et Nor-Par a.s
@HC-EEE#: 2':"]4

Condenser |
Relief Static data in blue/black

- I

@TIE-EESE

—

H2 -—>[:;-<]—>—:-
i i FC)FIC-6401

4

LIC-6401

Calculation mode: B () : () —— ) 4]

Simultaneous modular




CAPE Forum 2005 : :
i I
DISTILLATION EXAMPLE : 108.27 S i\ 20.00 AmbientT.
S —— G TIC-4658 : 0.00 min.
T4E10 . ~— 9356 C i
TRAINING SIMULATOR : i ;
. TWR .
— E4611 R - > !
oyl 118.33 53.78 % 7~ | PIC4601
: ] FIC3604 @—- 679.99 mbar
| ! ah W i
: I ., S 2764 kW .r GFEEEE Vent
: 52.00 . . ‘—’
FEED ' 3 - 3 > e >
57.04 % 131.23 ‘ 12.06 % HEN
Q)_ 153.20 D4611_
________ . =1
; i {
T Tic4602 ! 155.00 i 7 ucasm
et 157.95 C-- ™ IFIC4604 T 4338 %
- 161.48 | 6051 kg :
F N FIC-4602 163.00 . [y oy
i L I f "
, : 3950 kgfhl > el g N s I H’
[ = LIC-4601 \  FFC4604 | | . \r, FIC-4603
M5 —>p= ol E4610 6522 % ! 110213 | SO 5925 kgih
76.57 % e o Em—mm =y - Hmoiss _: SR,
el | e "
~ - - - > Distillate
MC 4=+ =« =t = s = o = : 68.46 % 4269 %
_________________________________ 5
165.40 A FIC-4615
¥ ."H : 85715 kaoh
fr e
ON . ']
..' . 3 - * B-Product
F.'1F"1U 66.52 %
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Instructor Interface

* The Instructor Interface allows access to the simulator's special
features, which do not exist at the Operator Interface.

e These include:

— RUN, FREEZE and RESUME execution of the process model and
control system representation in a completely time synchronized
manner

— SAVE and RESTORE model states for future retrieval
— EXECUTE the model FASTER or SLOWER than real time
— Introduce malfunctions

* The Instructor Interface also lets the instructor
— modify the connections between Virtual Plant and Operator Workstation

— monitor the progress of the training session with lists and trends of
process and control system variables (with CHEMCAD GUI)

Training Simulator CAPE Forum 2005
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Project

Virtual Plant
\l{ Signal DB

% Training Simulator Controller - D6410 - [VP: D6410] - [SD: D6410]

CEveE Er, 2 EEr, SH—EE B B8 e 0]
A A A A A A
| | |
Input sheet Output sheet | Online Execution Services
. Control
|Scheduling
| Control
\l/ Connection
- Management
Model time step =15 s
(Calculation time = 7 s) Malfunction
TSC time step= 10s Management

Acceleration = 1.5

If (Model time step) > (Calculation time)

Measure Send Do
Virtual Plant Control Signals single Run Stop Reset
signal once to Virtual Plant  test run

once
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B Training Simulator Controller - D6410 - [VP: D6410] - [SD: Dé410]
EE &|[Er, dEEF JEEFE-]RE B [REE =6 %@ X]
UnitOp Measured Signals (Analog or Digital Input)
D Wariable Scale #L Col ¥LFRow VP value SO wvalue
|43 | |00 Set poit = I B |8 [14483.56 [14453 44 il
ID VP signal name Scale factor XL col XL row -
43 Ti {Integral time, min) 1 B 100 ] mnlum
Set point 1 B
43 State 1 B 5 Add/Update signal |
43 Ctrl output 1 B g
46 Walve position % 1 B 12 Delete signal |
A B C D E F | G
1 |IIIE41{I Time =signal from TS0 {I.{Iﬂl & D-6410
2 |Input Signals from CHEMCAD Manipulated for TS0 )
3 Process Tag Value CHEMCAD ID Unit Value Comment
4 |Amine Feed
5 Mode 1|U-43/5tate no unit 0=0FFM=0N
6 |FCW-6304 57.04 | U-Z22\pos. %%
7 |FM-5304 14434 5-35/Massrate kg/h
g FIC-6304 14483 U-43/5et point kg/h
9 13.13|U-43/Cout mé, 57.04 Yo
10 |M5 Feed
11 Mode 1 U-58/State no unit
12 |FCw-5402 76.57 |U-48/Vpos. %
13 |FM-5402 3950 5-66/Mas=zrate ka/h
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| This is the list of malfunctions. In default case no malfunction is selected. ‘

B Training Simulator Controller - D6410 - [VP: D6410] - [SD: D6410]

F)oX)

EECEINE IR ERE E] B
Malfunctions
b alfunction Dezcription Fun?
|Default Feed, Yarving Pressure |Feed flow rate changes depending on pressure [
D Run? |Malfunction name Description
|1 0 Default Feed, Varying Prezsure Feed flow rate changes depending on pressure
2 0 Default Feed, Warying Temperature |Feed enthalpy rate changes depending on temperature
3 0 Light Feed and return Change feed to more light compenents, Ftotal const.
4 0 Heawvy Feed and return Change feed to more heavy components, Ftotal const.
5 0 TW Inlet, Varying Pand T TW flow and enthalpy rate change
L] 0 M3 Inlet, Varying P M5 flow and enthalpy rate change
Fi 0 Varying Colurmn dP Ceolurmn dP calculated by Vap.
3 0 Varying Ambient T Quickly downcooling environment
] 0 Fouling at E-5411 “arying heat trangfer coefficient at E-6411
10 0 G-5411 Pump off Pump =top and quick automated restart (A - B)
11 0 Internal valves Warying hydrodynamic rezistance, leek
12 0 Bad =ensor at LIC-5401 FM-5401 error
13 0 Bad valve in FIC-5402 loop FCWV-5402 error
| 4 | »

Add Malfunction |

Delete Malfunction |

Update Malfunction |

Edit Malfunctionz's events |

Example: How to select malfunction{s)? Select "Light Feed and return”
Click on row 3, click on Run? checkbox, Click on Update Malfunction
For more detailed description look at the "User Manual"l

You get
] Run? | Malfunction name Description
|1 0 Default Feed, Varying Prezsure Feed flow rate changes depending on pressure
2 0 Default Feed, Warying Temperature |Feed enthalpy rate changes depending on temperature
3 < 1 ) Light Feed and return Change feed to more light compenents, Fiotal const.
4 0 Heawvy Feed and return Change feed to more heavy components, Ftetal const.
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& Training Simulator Controller - D6410 - [VP: D6410] - [SD: D6410]

G-I BB dEE—E-

Dz wE

] (=] [ » W Of[% @ X|

Events for Malfunction 3

UnitDp 1D Wariable Event name Start at [min] Set value WP value
| 1] ﬂ |EIEI4 Destination str no leWitCh to Light F. 1 |1 |
UnitOp ID |Variable name Event name Start at [min]| Set value mn|um
B |55 Destination str no Sweitch to Light F. 1 1
55 Destination str no Turn manipulation OFF 2 g4
54 Destination str no Switch to Default F. 61 1 Add/Event |
o4 Destination str no Turn manipulation OFF 62 83
Delete Event |
Update Event |

Back to Malfunctions |
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Extensions for scenarios of Training Simulator
1. Change ambient temperature  Default value 20 deg. C

Write new wvalue inte Unit_42Tout_1
Ambient temperature used by Units 1,7,35

= 42 Glpete 533

3. Manipulations on M2 {0 kg/h} and inert (small calculated) inlet

Simply modify the valwe position
N2: Unit_15, actual value 5.95511e-007
Inert: Unit_26, actual walue 20

4. M5 and TW inlets, T & P manipulations [only P for M5}

2. Chenge feed T/IP/concentration

Use same techique as feed manipulation

For feed selection write feed stream number (1} Tqy 3500 mbar - 2o 52¢C 73
into the "Destination ID™ variable. This step needed always! -E 100 101 102
[Reset with SREF cutlet stream 1DV

Later use valwe (Pout) and heat exchanger (Tout_1}

L TEZEITEIEI mbar 185 C
for manipulation of feed P& T. _EWI:A(-@_’E%
105 106
DEfauItCasE —_ T=190C USETHISI

P = 4046.32 mhar This needed for correct balance

Light Case

43
—‘-~®»E—Cb+c s

Heavy Case,—

R N ST O SR SRTEC S

8. Simulation of bad sensor

Selected sensor specified in LIC-6401 (Unit 28}
Simply modify the "Measured Object ID" (actually 13}
Case A: Constant signal
to 27 (Unit_27 gives 1m / 50 % constant lewvel}
Case B: Varying signal
to 4 (Unit_4 gives lewvel controlled by LIC-6402)
In both cases Operater Screen should show the linked lewel! {IF 1}

6. Simulation of bad walve

T. Unit specific scenarios with unit parameters:
- feuling simulation with medified heat transfer coefficient
- pump with on/off
- internal hydroedynamic resistance with internal valwve positions
- column delta P with FF mode of controller 67

dP = 93.2753 mbar Volrate_534/55_walue =1 Default: dP correction is off

B0 a1 BEL 57) 58
T P S R G S B o

After sequence off - on - off we can work with the last dP or we can set it back to the default va

Delete contraller 1D from Unit_46

Set valve ID to 79 in Unit_59

Set controller |D to 53 in Unit_73

Operator screen should show the linked position {IF!)
and all actions directed to this linked valve.

109 110—-

107 ——

10— —

Runtime data refreshing OFF
Recording of history files OFF

lue.
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Protected area

Operator Console
(red data)

Constant area
(white data)

Umnit
MODE
Gain
TI

Cascad Struture

Local Loop Modes Remote Loop Modes
L automated local R automated remote
M manual L automated local
M manual
Configurations and Actions
Local Loop Mode L it
Femote Loop Mode R L M
Local Variables
LSP Y i M
Out M M M
Gain Y hil b
LL b b ki
Remaote Variables
LSP i Y M
Out M M Y
Gain A hil ¥
LL b b ki

In the actual situation you could
specify set point for LIC-6401 anly

or

vou could set mode to M at LIC-6401 {red Set Mode field)
(FIC-6415 will go to L mode automatically (green MODE field))

now you could

specify set point for FIC-6415 only

or

you could set mode to M at FIC-6415 (red Set Mode field)

and you could

specify contral output for FIC-6415 anly
Mote: tracking solved automatically
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{ L25 ) - f =IF(PID_1H30="R",PID_11H9 (IF(PID_1IH30="L",PID_1IH34 PID_1IH7))}
A B i D E F H | J K L | W
21 |Btm. Prod. Btm. Prod.
22 |Mode 1|U-33/State no unit Mode 1|U-33/State na unit 1|by caze
23 |[FCv-6415 £6.52 U-32"/po=. o 14.64 from % to mA
24 [FM-8415 8575 S-48/Maz=rate kg/h FIC-£415 14.64 U-33Cout s 66.52 Out by caze
25 FIC-5415 8579 1-33/Set point kg/h FIC-6415 8579 U-33/Set point | kg'h %P by caze
26 14.64 U-33/Cout s, 66.52| %
27 |Btm. Level Btm. Level //_\\
28 Mode 1|U-28/State no unit Mode 1 U-28/State no unit 1|by case
29 |Lm-5401 1.30 U-13/Calc. L1 m 6522 % Lic-6401 17.73 U-28 85.79 from BP rate
30 Lic-s401 1.30 U-28/Set point m 65.00 % LIC-6401 1.307U-28/Set point 1.30 | from % to m
A 17.73 U-28/Cout M 8579 % 5,00 5P by case
32 17.73| from % to m&
| Local L M
Remote R L M
Local
SP OoP PV PV
Qut PID TR TR
Remote
SP RSP oP PV
Out PID PID oP
L32 - B =L29*0.16+4
b L31 - f =IFIPID_11D30="L",PID_11D34 PID _11D7T)
MODE !
Gain . 0. L30 - f =(B122-B121)*(L31-B121)100
Tl | 5
29 - F =IFPID_11D33="M" PID_11035 PID_11D26)
L23 - Fe =IF(PID_1D33="M".01)




NOR-PAR ONLINE

TRAINING SIMULATOR
20.00 AmbientT.
E-6411 L TIC-6958 105.25 min.
. 93.08
D-6410 TWR
B = =
108.80 = 54.7T5 L PIC-6401
T™W 680.10
— Heat duty
118.73 52.00 2798.33 kW 11.94
|" ‘-IJr1” 1”"1_1”]
57.11 130.71 F-6411 [
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LIC-6401 FIC-6415 TIC-6402 FIC-6402 LIC-6402 FIC-6403 FFC-G404 FiC-6404

Unit % ka/h grad C kg/h % kag/h ratio kg/h

PV G67.46 2664 158.29 4002 42.04 5983 1.0303 G164

LSP 65.00 8738 158.00 4001 45.00 5977 1.0100 6040

FF 0 ] 0 0 0 0 0 6042

Codes 100 10000 200 5500 100 9000 2.00 2000

FF

L &0 3000 40-B- — 160 4400 &0 7200 1.60 6400

M
60 18-l— 8000 < m-B- — 120 +R-B— 3300 19-g- — &0 400 1B-B- — 1.20 4300 +m-B—R1
40 +8-l— 4000 <8-B- — 80 4B-0— 2200 1@-B- — 40 +m-g— 3600 41 @-W- — 060 +R-F— 3200 <8-B—NR
20 8-B— 2000 40-B- — 40 18-f— 1100 {0-R- — zﬂ-la— 1800 10-B- — 0.40 {R-B— 1600 10-B—0
LN o AEE_T__ o= (L - [EL BN p = 000 M0 _ o=

ouT 87.38 67.08 .74 17.65 66.41 43,84 75.53 75.42

Uit % % % % %

MODE L R L 4] L R L FF

Gain 2 0.15 10 0.1 1 0.5 0.15

Tl 1 h 50 5 40 m 5 5 30 m 10 5 10 5

8664 G648 7277 65 4T 12.67 77.05

et TI i h 5il s 40 m ] m s i 5

Min 0 ] ] 0 0 ] o 0

Max 200 5500 100 9000 2 8000

100 10000
sl ~ ] pozfreeno
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FIC-G404

D-6410 Temperature Profile S0 FIC-6403 FIC-6402 kg/h FIC-6415 e000
Height, m ]
16 _ ___________________ J: _______ 5_ ______ 'E _______ 5_ ______ 'E _______ T000 ) 14000
L e N HE s HER r HER 6000 L 12000
12 §------- e I BOEEEEE R BRECEE - ooe ;
] ; ; ; 5 5 5000 4 t 10000
104 ERRE R N ERREEE ERRE
3 B RN S AT R R 4000 L 8000
% NSRS S S R D N - - :
Tics402 ] _____ R S R . "SR S 3000 ‘ t ‘ ' ' 6000
a1l . [ . [ I . 0 30 B0 90 120
] : : : : : : : min
e e S & i S
] : : : : : : : TIC-6958 c
0 -rrr--r---r-+-rree—reervetrerere Tt T T 100 TI-6454 TW-5452 TI-6422 TIC-5402 150
100 110 120 130 140 160 160 170 180 ]
Temperature, C
T ey ey L 160
T,C H, m ]
108.50 16.267 Jo—  — —_—
118.73 12817 S R 140
130.71 9,543 ]
153.17 7.582
155.22 6.178 1
158.29 4774 B e 120
161.63 3.089
163.02 1.404 ]
165.50 0.000 20 = ¢ = - - 100
0 30 B0 90 120
min
Time FIC-5404 FIC-5403 FIC-5415 FIC-5402 TIC-5402 TIC-5358 TH5451 THG422 TW-5452
105.25 5164 5933 8564 4002 158.29 53.08 B55.45 108.80 52.00
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Dr. Moser Karoly REACTOR EXAMPLE
CHEMSTATIONS ANNUAL MEETING / 2005 - HOUSTON NOR-PAR ONLINE

1009 C VENT
FEED A — 110.61 kog/h 33.484 mah
588.32 Nm3'h
Co04:
—>e | | | | 946 ko/h n - 541 ppm
r »> - : (] B
1.001 bar
P1211 5900 w C002 hhd6 C P1251
663.32 Nm3'h
FEED B C004 Production
Con4
820.68 ka/h A J 12.20 vol % 6.0805 TPD
n
A E 3 1.001 bar R1201
B 50.00 w % CO001 = 5112 C 245.89 kalh
22 710 C 51.70 Nm3/h o 96.33 %
r
FEED C 0.747 m3ih COo04: R1202
L CO04: 6.66 vol % 9.36 ka'h
524 09 kagih 2.30 gi 3.67 %
96.00 w % CO03 1 0.74 %
Con R1201 R1202 Overall 18111 KW 0.745 | m3h
Conv. % 95.75 85.68 99.39 COoD4:
Yield, % 9877 a8.7r7 Q87T 1.30 gl PRODUCT
kafleg Prd. 1660 1.865 1.620 -
Con2 R1201 R1202 Owerall 3.931 KW 33.682 m3h
Conv. % 97.37 3347 9312 Y 3 COo04:
Yield, % 97.56 97.55 97.56 o 7.52 gﬂ
kagikg Prd. 0.265 0.779 0.280
CO003 R1201 R1202 Owverall 1.001 bar
Conv. % 71.06 9.35 7307 48625 Mm3ah 42 14 Nmih R295 C
kagikg Prd. 2.046 15.551 1.986 : » - R
1.867 bar — F WASTE
2317 C o -
- 18.42 Mm3h 0.755 m3h
COo0D4;
m Qutput 1.24 gl

e Full Screen



Nor-Par a.s

Or. Karcly Moser

Feed C

| REACTOR EXAMPLE |

Measured liquid T

— =

T13.23C
P 1.00 bar

W 110.8 kg/h| 3]

‘W 524.1 kg'h

Return A

Feed A

Feed A1

" [Teroc
Ry

Control U414 U415 U322 U33 U34
Control U25 U35 U3s
(Calibr}ON ON ON ON OHN

{Analy.} OFF OFF OFF ON OHN

2
T1402C f
F1.00bs
Feed B
_
m—— | =3

TE2EEC
F 1.00 bar
W 820.5 kg/h

Water

Ciry Inert
H 1EI E

8
‘W 9.5 kg'h

Feed A 2

R2_In

45
T 53.78 C

R2 Measured liquid T
! R2_Cwut

Return |

Inert Feed

Gas Cut 1

S5olvent

T10.08C
P 1.01 bar

W 234844 kg

Abs. Gas In

Measured T

T 52.95

Product

T1185C
P 1.00 bar

W 33755.2 kg'hy

Gas Cut 3
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