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CAPE-OPEN - a brief overview
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What is CAPE-OPEN? PSe

= A freely available industry standard for

interfaces between software components E EE
making up process simulation tools i—i.‘
~ ]
= A successful collaboration between software CO LaN

vendors, end-users and academics

= A proven IT technology implemented in most
process simulation tools

- growing adherence by market leaders

= Maintained through CAPE-OPEN Laboratories

Network (CO-LaN)
~ Michel Pons, Chief Technology Officer D)
gPROMS
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PMCs and PMEs J Pse

= Process Modelling Component (PMC)
— well defined piece of software with a relatively narrow function
- wide range of applications
- physical/thermodynamic properties
— unit operation modules
- numerical solvers

= Process Modelling Environment (PME)
— allows construction of process model
- from first-principles and/or library of unit operation models
— supports a number of model-based applications
— simulation, optimization, ...
- may make use of one or more PMCs ZPROMS \.)
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PSE, gPROMS and CAPE-OPEN Bl Pse

= PSE has had a strong involvement from the beginning of
the CAPE-OPEN initiative
— initially via Imperial College London
- helped define fundamental CO concepts & terminology
- led design of numerical solvers interfaces
- demonstrated use of CORBA middleware

= gPROMS was first equation-oriented PME to
implement CAPE-OPEN sockets and plugs
— thermo socket since gPROMS 2.1
~ unit plug since gPROMS 2.3
— unit socket (prototype) since April 2007
~ kernel based on CAPE-OPEN numerical solvers

~N
gPROMS o
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COThermoFO
gPROMS CO Thermo socket

—
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gPROMS CO Thermo socket

m COThermoFO allows CO Thermo PMCs to be used
within gPROMS, e.g.
~ Aspen Properties®, COMThermo (HYSYS®/UniSim®)
~ Multiflash®[CO interface]
~ Simulis® Thermodynamics, PPDS®, COCO®/TEA® gPROMS

= A Foreign Object providing standard set of
thermodynamic property methods
~ used by gPROMS PML and AMLs
- alternative to native gPROMS interface to Multiflash®

COThermoFO

m New since gPROMS 3.0.4
- replaced earlier CapeOpenThermo
- improved stability and diagnostics Thermo PMC
— improved PML compatibility e.g.

- uniform treatment of thermo across all Aspen Properties
gPROMS’ CAPE-OPEN components
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g0:CAPE-OPEN
gPROMS CO Unit plug

g0:CAPE-OPEN
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gPROMS CO Unit plug

g0:CAPE-OPEN allows a gPROMS model to be
embedded within a CAPE-OPEN PME, e.g.

~ Aspen Plus®, HYSYS®, UniSim®

~ PRO/I®, ProSim Plus®

- COCO®/COFE® PME

e.g.
Aspen Plus

gPROMS model of any complexity
- including 1D, 2D, 3D+ IPDAEs

= Wizard for exporting model from gPROMS ModelBuilder
~  no programming required

gO0:CAPE-OPEN

New implementation for gPROMS 3.1
improved stability and diagnostics
- improved compatibility with PML
- uses same thermo implementation as COThermoFO
- expose %PROMS PARAMETERs, SELECTORs and
VARIABLES

_ allows use of TASK language for gPROMS model
- model initialisation

- dynamic models (e.g. batch distillation units) operating in
“pseudo-steady” mode within steady-state PMEs

© 2008 Process Systems Enterprise Limited
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Demo
Exporting a gPROMS model as a CAPE-OPEN Unit Object

Model-Based
Innovation
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Methanol reactor in gPROMS ModelBuilder

Y GPROMS ModeBudder 3,13 [dev] - debug mods

-l PML Bascs
il PML Control
& [ PML Flow Transoortation .
[ PML Haat Bxchangs —
-l PML RRachon
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Exporting the reactor model as a CAPE-OPEN Unit Object
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gPROMS ModelBuilder's wizard for .
exporting reactor model as a CAPE-OPEN Unit Object — 1

) Expont CAPE-DPEN Uit Dperation Wizard
Overview Basic properties
1. Basi: properties Spexify name, description, author, version, ebc, information about the unit aperation
2. Ports
3. Parameters .
4. Files Name  MethanolSynthesisReactor 00
5. Advanced Author | thwll
6. Entity generation
7. Export Date Tue Feb 12 16:08:24 GMT 2008
Version 0.1
Description

gO:CAPE-OPEN unit operation generated by NodelBuilde
GPRONS ModelBuilder 3.1.2 (dev] (build 0 - 15 April,
Tue Apr 15 09:45:05 B3T 2008

Errors/Wamings
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Specifying...
¢ General information
on model being exported
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gPROMS ModelBuilder's wizard for .
exporting reactor model as a CAPE-OPEN Unit Object — 2

¥ Expon CAPE-DPEN Unit Operation Wizard
Dverview Ports - -
1. Basic properties Map gPROMS parts to CAPE-OPEN ports Speclfymg.. .
2. Ports
3. Parameters B
4. Fles Mame Type Direction Cptional
et | prodtSrean =  Connectivity information
7. Export

PROMS Id feedStream |

Basis MASS ]

Diescription

Thiz i3 port 'feedStream'

Errors/Wamings

Cepevios Tty [ x| oo )
gPROMS
annual meeting
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gPROMS ModelBuilder's wizard for .

exporting reactor model as a CAPE-OPEN Unit Object — 3

) Expost CAPE-OPEN Unit Dperation Wizare

Overview Parameters g w
1. Basic propeties Map GPROMS varisbles and CAPE-OF SpeCIfylng.. .

e CAPE-OPEN parameters

Bed porosity

Errors/Wamings

Cepevios Tty [ x| oo )
gPROMS
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gPROMS ModelBuilder's wizard for

exporting reactor model as a CAPE-OPEN Unit Object — 4

¥ Expon CAPE-DPEN Unit Operation Wizard

Dverview Files

1. Basic properties Specify additional files required by the gFROMS model
2. Ports

Errors/Wamings

[Cepevios J [Tty [ =]

Specifying...

e Additional files to be exported
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gPROMS ModelBuilder's wizard for

exporting reactor model as a CAPE-OPEN Unit Object — 5

¥ Expon CAPE-DPEN Unit Operation Wizard

Advanced
Advanced options

Overview

1. Basic properties
2. Ports

3. Parameters

4. Files

5. Advanced

6. Entity generation
7. Export

Initialise from Saved Variable Set .MMW_CO

[Ceproviows J [Tty [ et ]

Specifying...

e QOther information
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gPROMS ModelBuilder's wizard for .

exporting reactor model as a CAPE-OPEN Unit Object — 6

Y Export CAPE-OPEN Uit Dpesation Wizard

Overview Entity generation

1. Basi: properties Options controling the automatic generation and copying of gPROMS entities

2. Ports

3. Parameters .

4. Files Generate entities (3 in new project | CAPEOPEN, i tor_CO
5. Advanced () in this praject

6. Entity generation

Entities to generabe/copy

TASK CAPEOPEN_MethanolSynthesisReactor_CO

PROCESS CAPEOPEN_MethanalSyreheskReactor_CO

PROCESS Simuate_MethanalSyrthesisfeacter_CO_template

TEXT FILE MethanclSynthesisReacter_CO.gCO

TEXT FILE MethanolSynthesisReactor_CO_CALCULATE_bemplabe. bt
SAVED VARIASLE SET MethanolSyrithesisRieactar_CO

7. Export

Wizard automatically generates
all gPROMS entities and files
required for communication

Errrs{Warmiogs between gPROMS Engine and

CAPE-OPEN Unit

[Capevios [Tty [ e | '

gPROMS
annual meeting
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gPROMS ModelBuilder's wizard for .
exporting reactor model as a CAPE-OPEN Unit Object — 7
¥ Expont CAPE-OPEN Unit Dperation Wizard

Overview Export

1. Basic properties Specify how the unit operation wil be exparted

2. Ports

3. Parameters

4. Files [¥] Export to disk

5. Advanced Exportdrectory | Ds\home_twill CAPEOPEN_MethanolSyrithesis®|

6. Entity generation = Z

7. Export Encryption password | CAPEOPEN

Decryption password | | (optional)

Leave blank to ensure model
cannot be decrypted

Errorsf¥amings
Export all necessary
information
to specified disk location
4 Brevious » Einish | Cancel

gPROMS
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Demo
Using a gPROMS CAPE-OPEN Unit Object
within a CAPE-OPEN compliant PME

gPROMS .1)
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COCO from AmsterCHEM

lailor-made engineering software solutions

CO

COCO (CAPE-OPEN to CAPE-OPEN) is a free-of-charge CAPE-OPEN
compliant steady-state (sequential-modular) simulation environment

http://www.cocosimulator.org/
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Inserting missing reactor unit in COCO flowsheet B
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Selecting a gO:CAPE-OPEN unit
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Selecting the methanol reactor

to be used under gO:CAPE-OPEN
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gO:CAPE-OPEN “edit dialog”
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g0:CAPE-OPEN “edit dialog”

Basic information for methanol reactor
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g0:CAPE-OPEN “edit dialog”

CAPE-OPEN parameters for methanol reactor
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g0:CAPE-OPEN “edit dialog”
CAPE-OPEN ports for methanol reactor
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gO:CAPE-OPEN “edit dialog”

Execution diagnostics
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COUnitFO
gPROMS CO Unit socket

Model-Based &
Innovation .
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gPROMS CO Unit socket - |

= COUnitFO allows CO Unit operation PMCs to be used
within gPROMS, e.g.

FLUENT®/APECS®

HTRI® (Heat Exchangers)

ChemSep® (Distillation Columns)

COLegacyUnit gPROMS

= A Foreign Object providing a Calculate() method
- ‘“given the unit’s inputs, calculate its outputs”

= ... but there is more to a CO Unit than an input/output
calculation, e.g. COUnitFO
- inlet/outlet structure
physical property calculations
own user interface

= CO Units are wrapped within native gPROMS Uniet A
WIODELs FLUENT APECS
a CAPE-OPEN MODEL library in gPROMS

- compatible with PML and AMLs

© 2008 Process Systems Enterprise Limited

gPROMS CO Unit socket - I

= Wrapping CO Units within gPROMS
MODELSs allows advanced customisation,
e.g.
~ addition of further equations in symbolic form
~ unit specification dialogs
- custom reports
- specification of icon

= Wrapping quite simple

~ currently a semi-automatic command-line

utility
- to be replaced by an import wizard within
ModelBuilder
= Prototype version compatible with B
gPROMS 3.1 available to interested I | i
parties ot O
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Concluding remarks

= -
Model-Based &>
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Concluding remarks Il Pse

= PSE strongly committed to CAPE-OPEN ideas & standards

- significant benefits to process engineering software and its users

= gPROMS 3.1 comes with
~ CO Thermo socket (COThermoFO)
— CO Unit plug (gO:CAPE-OPEN)

= Future developments
- lots more interoperability testing
~ consolidate CO Unit socket prototype
- enhance CO Unit plug
- more initialisation options
- customizable “Edit Dialog”
- CO Thermo 1.1 support
- development of “Extended Sequential Modular” Unit plug/socket

gPROMS W,)

annual meeting
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