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Model description and deployment
requirements

Model of slurry reactor for Fischer-Tropsch synthesis

CO + 3H,> CH, + H,0
CnH2n+2 + CO + 2H2% Cn+1H2n+4 + HZO
Gas product

= Multiphase slurry bubble column
reactor model

m Objective: predict conversion,
selectivity, product distribution

1 Boiler feedwater

Disengagement

FT Wax
—

m Scope:
— 2D momentum balance

1sAje1e) + xeM\ 14

— 1D species and energy balances in
each phase

— Detailed FT kinetic mechanism

— Transport of species and energy
between phases Syngas feed (CO,H,)
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Original model implementation

m Developed by in collaboration by Laval University and TOTAL:

lliuta I., F. Larachi, J. Anfray, N. Dromard, and D. Schweich,
“Multicomponent multicompartment model for Fischer-
Tropsch SCBR,” AIChE Journal, Vol. 53, No. 8, 2062-2083,
2007.

m Implemented using Aspen Custom Modeler
m Internally coded thermodynamic calculations
m 280,000 to 400,000 variables

m Solution time: ~ 35 minutes

= Manual intervention during initialization

TOTAL wished to deploy model within flowsheet

of entire process developed in PRO/II

End user requirements:

= Modify model input parameters within PRO/II without
recompilation

m Initialization without manual intervention
m Decrease memory use
= Increase speed

m Access to internal model variables at the converged
solution

= Option to use PRO/II thermodynamic calculations

Achievable using gPROMS and its CAPE-OPEN components
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Project approach

Project approach _PS(E

= Translate model from ACM to gPROMS
= Improve model performance:
~ Non-uniform grids
~ Smooth discontinuities in hydrodynamic model
— Review of variable types and equation scaling
= Implement robust initialization procedure
— Solves sequence of 5 problems of increasing complexity
~ No initial guesses required
= Add physical property calculations through calls to
CAPE-OPEN compliant physical property packages.
= Test model within PRO/II.

Close PSE/Invensys collaboration to address software issues

© 2009 Process Systems Enterprise Limited

Page 4 © 2009 Process Systems Enterprise Ltd



Implementation: bringing the pieces together

PROMS

PRO/IT

Reactor model

Process _
model

PRO/II flowsheet of any complexity gPROMS model of an% complexity
including recycle streams including 1D, 2D, 3D+ IPDAEs
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1) gPROMS CO Unit plug allows model to be exported
for use as a CAPE-OPEN unit operation within PRO/II

Wizard for exporting & £
model from gPROMS | : Reactor model
ModelBuilder: '

no programming

g0:CAPE-OPEN
required ”

o

PRO/IT'

Process
model
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2) gPROMS CO thermo socket allows reactor model to
use PRO/II physical properties in its calculations

PRO/II
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Process
model

A Foreign Object
providing a
standard set of
physical property
methods

The work flow in detail

Page 6

© 2009 Process Systems Enterprise Ltd



1. Export model to CAPE-OPEN
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1. Export model to CAPE-OPEN
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1. Export model to CAPE-OPEN
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Export

Overview
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2. Insert exported CAPE-OPEN unit into flowsheet

e AT DRTN. il - [ how ] —]
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2. Insert exported CAPE-OPEN unit into flowsheet
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2. Insert exported CAPE-OPEN unit into flowsheet
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2. Insert exported CAPE-OPEN unit into flowsheet
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3. Configure the unit through its dialog box
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» Double-click on CAPE-OPEN unit Ui sk
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El
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3. Configure the unit through its dialog box

el T € —8in TR
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4. Converge the flowsheet (automatic procedure
executed by gPROMS unit operation)

m Simple flowsheets (no recycles): Cold-start (~ 5 min.)

| Step 1 I I Step 2 I I Step 3 I I Step 4 I I Full problem }—>| Saved variable set |
Cold-start ) TASK CAPEQPEN_fs_spyv_reactor_CO (CAPEQOPEN_fs_epv_reactor_C0) X
IF  gvart type © UTOD. tEacTo.varn_start THEN _
SENUENCE
5 IF plys_preps = 0.5 THEH]
44 SULTCH
nitlp, TeRCTOr, PhyS_prop_Source =Kl :=- unlclp.rescror.extecnal:
ENL
: =1
4 SUITCH
49 unitlp. reactor.n_=imul i= unitDp.reactor.copplete_kin;
50 6T
51 SWITCH
UniEOp.Teactar.therua medel  fe UALTOP.TRACEOE.hen_ideal;
unitlp. reactar.solution aods = unitlp.ceactor.oommal;
unlclp EPSV. carbon_tnunber 1= unltlp.EPSV. calculeced ;
6T
SUTTEH
uni t0p . EFEY. Ug_node := unitlp.=psv.normal -
unitOp.ceactor.thol_closuce = unit0p.reactor.closs_rhol -
6T
SWITCH
61 im0y, Teactar. Tegins te UELTOP.TEACEOE.BOn_13otherw;
EHD
AVE
IND # ¢
£ s ir =
3 ¥
43:41 |1%3]
CPROMS language | Properties
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4. Converge the flowsheet (automatic procedure

executed by gPROMS unit operation)

= Simple flowsheets (no recycles): Cold-start (~ 5 min.)

‘ Step 1 }—){ Step 2 H Step 3 }——){ Step 4 }—){ Full problem H Saved variable set ‘

Cold-start
m Complex flowsheets
1. Cold-start followed by warm-start (~ 30 seconds per pass)

‘ Step 1 }—){ Step 2 }—>| Step 3 }——){ Step 4 Full problem Saved variable set

Warm-start

= Option to use a warm-start if a saved variable set is available

| Saved variable set }—){ Full problem }—){ Saved variable set

Warm-start Recycle
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5. Examine results

» Within unit’s model report in PRO/II
"Bt Opfions Teplte. Encaute Moo Wi neb
] | Feedstream | productStrean | vap_Stream | Mizmira
Pressure  (Fa} 2.TE 006 2.3B16UEC006 | 2.3H16HES D5 [
Temporature (K} 513.BAD 528071 593878 o
Enthalpy  (J/mol} 9757.23 120925 24890.5 Pl
[RrLT)) G085 6% 655608 1. 1855RE-BAS
Vap. Frac. (mol/nol) I L] 1 ﬂ
(kaskg) [l 1 i
Flow (mal/sy S720.m 1.0735 753,76
(kass) 74 0006 0.196 805 78 .BaBA E
Emergy Flow (J/s) S.SHISTE<RR7 | 120814 | 9-a5383Es 007 St
Addars
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o B, 205559 000862965 | B IhIEG2
z 0_57202E 1 L7 | B.2ATANA P
coz B.U716857 0. TYEsT | BA3EENG
! H20 8273027 0_0E74012 275652
I\/' 1-SYNGAS e 0.0145957 0.00909777 0.0861287 Greom
HE2 0 BAAZED B8 0, BRERT 10N 0 GRS BNET Pemce
HED ]
HEY u BEAIETIEE | 0. O0ISEEED u BRZEOETY | o]
HE1R D_AAAZONSTE | _0735LE1 B a121134 CARECREN
HE1 B.IATTE-BES | 0,294869 B, 80127930
HE12 4 BOGRE-DR6 | 6381132 | 6.85815E- s E
NE 4 BBTITE-BRA | 0. U842228 | &.83B16E-007 iR
HESL 4. 2707E-B10 | 6.H17782 | b.OBRELE- B
o2 1.2753E-0U5 | 3.29299E-005 | B.0O0194348 E'
oes DBAE11EZI2 | 0OBESA1267 | O_GE1E0ZES ¥
oy 9.20239E-005 | 0.00B7UATHZ | D.00140238 Exed
oc1g B.BB8147 T 0. 8128450 | B.88225179
2 0. 8250528 0.00214086 | 06395202
= Unllap_Ex 1
£ >
1 Ln1 Gl 15 WR Fex 0if Plorap DOS NS KUK
[ o Ui taShoons: hom PR Poottn Doublercic: .
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5. Examine results

m Within gPROMS visualization tool gRMS

Grogh  Edit View Process Format Line Window Help

o niw| 1] & & |

. XY Plot (2)
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Recent enhancements to PRO/II and gPROMS
CAPE-OPEN components
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CAPE-OPEN Enhancements in PRO/II

e Reviewed and modified the CAPE-OPEN integration architecture to
provide better lifetime management of CAPE-OPEN objects and
eliminate memory leaks and errors.

e Improved interoperability by allowing seamless use of mass/mole
basis and fixing calculation and access issues for thermodynamic
properties.

e Added a logging capability to facilitate diagnosis and
troubleshooting.

e Extended the controller and the “define” infrastructure to include
support for “real” parameters of CAPE-OPEN unit operations!.

1 For additional information, refer to the PRO/II 8.3 Keyword Manual.

Controlling a CAPE-OPEN Parameter through the GUI

S| » Parameters are taken from the CAPE-
OPEN unit and filtered:

« A controller can SPEC “output”
and “input/output” parameters

« A controller can VARY “input” and
“input/output” parameters

i
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CAPE-OPEN Enhancements in gPROMS .PSQ

= gPROMS 3.1.6:

- Added the ability to control whether the gPROMS components use mass or
mole basis for calls to the PME physical property package.

— Ability to map gPROMS selectors to CAPE-OPEN option parameters
— Option to launch gRMS for visualization of internal variables

= gPROMS 3.2.0:

— Option to permit the gPROMS model’s execution diagnostics to be made
visible to the end user.

— COThermoFO now has a COMPONENTS() method allowing a gPROMS
component name lists to be initialized with the list of component names
from the CAPE-OPEN thermo package.

m gPROMS 3.2.1 (coming soon):

~ Multiple instances of gO:CAPE-OPEN units can be used within a single
flowsheet

© 2009 Process Systems Enterprise Limited

Conclusions
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Conclusions

m Interoperability of a complex gPROMS model within a
PRO Il flowsheet has been demonstrated.

Linear flowsheets
Flowsheets with recycles

m Key success factors in first-time CAPE-OPEN integration
projects:

Clear articulation of requirements by end user

Strong dialog between software providers to identify
and correct interoperability problems
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Deployment of a gPROMS-based three-
phase reactor model as a CAPE-OPEN
unit operation within PRO/II

See me at the end of the session
if interested in a live demo
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