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A Current practices in design of batch scheduli

A Improvements made possible with
I Rigorous modeling methodology
iaAONRAaA2F0 9EOStun G2 R
simulator
A Example using CITRON (new process)
A Example using WINTEK (existing optimization
A Summary & suggested procedure
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Current practices In design of batch scheduling

A Methods
I Best guess & experience
I Lab scale & pilot scale testing
I Use a basic simulation

A Pros
I Fast
I Fairly easy
I Gives a basic time and heat duty analysis
A Cons
I Suboptimal schedule times
I Might not account for equipment/process limitations
I Difficult to do safety analysis until after process is running
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CITRON (current practice)

Recover 12&gsof 99.9999% pure Citronellal
from 170kgsessential oil using a 500L pot sti
with a 10ft packed column.

oo o - -— ) @ —
|
General | Misc | - Batch Operation Parameters - ‘
General | Additional Settings I Estimations | |
Mumber of stages i

Mumber of operation steps 1 Startup option: [1. Start with total reflux |8 Edit Batch Charge/Add r —

Integray [
Condenser type: 0 Total - Product assignment: 5t ’ Flash ] ’ Cancel ] ’ oK ]
—_ —_— ep si
mmHg Distillate tank #

Cand pressure
H Recor

1

IFEE— e Stream Mo. 100
Cond pres drop 5 mmHg Decanter tank #

2

Operatit | | Stream Name Pot Charge —

Colm pres drop ot 0. Rleflus ratio - Stop
First spec mode Temp C

[~ Use a pressure prafile First spec value 3 l Pres mmHg 1
Selectholdp i oo | | Vapor Fraction |0

Condenser holdup 0.0057 m3 P
Stage haldup 0.0002 i) Second spec mode Py 59.4996

e Total flow 111017
Second spec value 0.002 kmol/mirn
[~ Use a holdup profile Total flow unit g
Transfer [diain) final holdups to tank 1D # For subcooled condenser only: Comp uni mol
on Stop b
Condenser temp o . “ | [crrronertal [earers

. == Min. ruf
Degeessubcooed | C CITRONELLOL | 149.009

& Edit next step I
Help |  Edit specified step Step
" Exit oper. steps
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CITRON (current practice)
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CITRON (current practice)

What have we learned from the model?
A Heat duty/flow/time relationship
A Basic operation steps/timing

A Limited equipment sizes and specifications:
I Heating requirements
I Condenser requirements
I Column dimensions
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CITRON Dynamic (advanced practice)

A Expand our previous example to include

Rigorous heat exchanger geometry and performance
Event sequencing using DATAMAP to Microsoft Excé
Utilities modeling

Column metal heat transfer

Heat duty / cooling water on control

Dry column startup to total reflux

Detailed engineering, e.g., nitrogen sweep on vesse
Insulation, etc.

& Chemstations’ 7




CITRON Dynamic
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Schedule of Events

A A schedule of events is made in Excel and
must be connected to CHEMCAD:

(]| = 2~ - dyn_citron_20
File Home Insert Page Layout Formulas Data Review View Team
Ad - (= X |
A A B | C | D | E | F | G [ 0o [ 1 | 4 | K
6 Schedule of Events
7 Time(min) CW Valve mode CW Valve Opening Total reflux  Product Tank Waste Tank Motes
8 ] 4 0 1 0 0 36 0 Startup
9 21 4 0 1 0 0 29 0 Lower heat duty
10 25 4 a 1 0 0 29 0 Open CW Valve
[11] a0 4 1) 0 1 0 29 0 Switch off Total reflux
12 473 4 5 _ 0 Heater off, drain to tank
13 540 4 0 : : ] CWW off
14
15
16
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CHEMCAD to Excel connection

CHEMCAD sends time

information to Excel, —

cell A2 viadatamap

Excel uses time,
schedule, and
VLOOKUP() function
to determine values
of process variables

CHEMCAD collects the
current time step
data from row 2 of
the Excel sheet and
enters it into the
flowsheetvia
datamap
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Citroneilal Product Tank

A B | C |

o]

[

E

F [ G | H

F i ——— y
k- CCObjType |CCOGID | ParID Component | WrkSht Celli_. | Weight Comment
R =D se o Dynamic Time | <Mone> a2 100000 [eymamic time sent to ¥LS
m UnitOp s Output strea._| <Nonex [ 100000 Total Reflux
Unitdp |a Output stren... | <Neae> &2 100000 Produst tank
Un B Output strea_ | <None> F2 100000 Wiaste tank
G2 - = B | SVLOOKUP{SASZ, SAS8:9G513,7,TRUE)

[ 4

|| Time{man) CW Vabe mode CW Vale Opening Total reflue  Prodwct Tank Waste
- + 4 ‘ 4 a

Tank Heater Powe Liqusd
: 3

il o

Time step sent from
CHEMCAD

O —

dieain flow
0

Motes
0 Startup

0 Lower heat duty
0 Opan CW Vabe
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CITRON Dynamic Operations
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Accumulator Contents vs. Time
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Comparison of GBATCH and Eynamics
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CITRON Dynamic Conclusions

We learned from using dynamics:

A Detailed startugprocedure

A Detailed operation steps/Sequence details
A Equipment performance limitations

A Vacuumload

A Utility demands

A Equipment optimization is now possible: checking
condenser capacity, vacuum system capacity, colum
flood %, column insulation requirements, etc.

A Higher fidelity simulation provides higher fidelity
economic calculation (campaign time and costs)
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WINTEK Batch Dehydration

Skid mounted solvent dehydration plant

Stripping water from a solvent stream in a two ledsorber
(mol sieve) system. One bed is active and one bed is
regenerating under vacuum. Process was already built and
operational before modeling analysis.

Process is scheduled with a defined sequence for opening and
closing valves to allow one bed to regenerate while the othe
adsorbs. Rigorous equipment and piping models and
pressure/flow calculation included (allows for reversible flow).

Rigorous simulation allows us to simulate effect of malfunction
(RB3blowdownvalve malfunction)
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WINTEK Proces$owsheet

2 Adsorption beds
2 PID controls

10 Actuated ball valves

Regen Flow (To Vacuum)

R1
\(H e >
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WINTEK atamapand Schedule

A_BREA_SIEVE DLL

1
2
3 Mew Embed
4 Excel Workbook Path: A_BREA_SIEVE_DLL_20L.xds Browse Open
s I I
[ Excel Worksheet Mame: Sheetl
7
8
9
10 | Map Rule CC Obj Type CC Obj 1D Par ID Component WrkSht Cell... | Weight Comment
11 | Te Worksheet ..| Misc 1] Cymamic Tirme | <Mones A2 100000 Drymarnic tirme(Min)
l12 To CC Onky UnitOp 26 Controller out... | < None> D2 1.00000 (P2
13|Toccony  |unitop 11 Controller out... | <None> E2 Pz ]
14 = -~ -
T@ e 7 VLOOKUP Function to get P
Home Insert Page Layout Formulas Data Review View Team

signal at current time step
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B L | AT =viookup(sas2,scs7:59%27,2,TRUE)

18 N sentfrom o | E | F | &6 | H L0 T K L m ]

= 1 | Time(m) CHEMCAD P1 P3 P2 P4 BV1 R1 R3 R2 R4 =

B . A 4 4 4 20 20

2z 3 P1 signal s

24 4 for the current time step

2 5 |Schedule

2> 6 El Time(s) Intenval(s) Tstart(m) P1 P3 P2 P4 BV1 R1 R3 R2 R4 R

= 7 | = = ] 20 4 4 4 4
N 3 20 4 4 4 4
9 3 4 4 4 20 20
10 3 4 4 4 20 20
Nl  Schedule of time events ] Schedule of P1 actuation signal ¢ 20 4 4 4 4
4l Each row is at a different 3 different times 20 4 4 4 4
13] time. ) ; 20 4 4 4 4
14 3 4 20 20 4 4
15 3 4 20 20 4 4
16 S an A A A A
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WINTEK Procesdowsheet Malfunction effect

RB3 is simulated blocked, 0 B
preventlng Bed 1 from Pressure regulator DrySoIv:r:t

blowing down properly. . X

Effect is rigorously ot %
Bed Outlet Flows
calculated.
Wet Solvent Feed Adsorption Bed 1 @ Adsorption Bed 2 ‘% "
—_—

5
Fa

lo

) 2
._

R4 Nitrogen
e i b=
R3
; T
H P2
R2
R1 9.4 Regen Flow (To Vacuum)
L i >
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WINTEKAdsorberBeds

= Pressure of bed ]

Pressuf'el Profiles of Adsbrbér Beds

= Pressure of bed 2

....... Sequence event

Bed 1 outlet r\‘ Bed 2 outlet
opens, opens,
absorbing N b absorbing

1k J¥ Bed 1blowdo 1 o THWA Bed 1 blowdownis
B ot opening, notice M ! ay not opening, notice
e pre e here i’ AH/48l the pressure here

Praocciiro
rrecosul
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