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PSE, gPROMS and CAPE-OPEN




PSE provides

High-quality information for innovation decision support
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gPROMS: key application areas

Reaction, separation,
crystallisation,
polymerisation, fuel cells...

[
i
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PSE: who and where
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Multipurpose
Process Modelling Environment

build process models

validate against experimental
data; design new experiments

simulate under steady-state and
dynamic conditions

optimise under steady-state and
dynamic conditions

Equation-oriented technology

A family of tools
Library models
or
custom models
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gPROMS family

gPROMS
ModelBuilder
gO:CFD gO:CAPE-OPENgO:Simulink  gO:MATLAB gO:Run
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gPROMS family open architecture

gPROMS
ModelBuilder

- MarhWetks Partner
gQ0.CFD gO:CAPE-OPEN  g0:Simulink gO:MATLAB gO:Run

All family members based on common modelling/solati engine, gSERVER
complete compatibility/consistency across whole family
gPROMS-Based Applications (gBAs) by PSE afAgarties make use of gSERVER’s API

Open software architecture via standardised proptay interfaces

Foreign Object Interface, Foreign Process Interface,
Output Channel Interface, Numerical Solvers Interfaces...

... facilitate construction of CAPE-OPEN interfaces
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gPROMS Foreign Object Interface (FOI)

A ‘Foreign Object’ is an external piece of softwardngh

provides a gPROMS execution with computational seed
during run time

- a thermodynamic package

- a ‘legacy’ unit operation

- a spreadsheet for calculating capital costs
Interfaced to gPROMS using the FOI

- a well-established published interface for C, C+tid FORTRAN
- delivers ‘pure’ functions to the g°PROMS model of theerm:

A general mechanism for introducing CO sockets In
gPROMS
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PSE, gPROMS and CAPE-OPEN — |

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 firsequation-oriented PME
to implement CAPE-OPEN sockets and plugs

© 2007 Process Systems Enterprise Limited




PSE, gPROMS and CAPE-OPEN — |

Current CAPE-OPEN implementations in g°PROMS
Thermo socket
Unit plug
Unit socket
Equation Set Object
Numerical solvers
gPROMS-independent utilities
Standalone CO Unit socket for testing PMCs
CO Unit plug wrapper for legacy code with text-basegut/output
middleware for secure remote execution of CO Unit Qp&on PMCs

General design principle

Use of CO interfaces within g°PROMS must not require  use of
procedural programming languages
Key requirement for
accelerating deployment
reducing probability of mistakes
transparency and ease of maintenance

© 2007 Process Systems Enterprise Limited




gPROMS CO Thermo socket
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gPROMS CO Thermo socket

Avallable since gPROMS 2.1
- originally 0.93 version of the standard, later upaded to 1.0

Implemented asCapeOpenThermo Foreign Object

- provides standard set of thermodynamic property mebvds

- used by gPROMS Process Model Library (PML) and
Advanced Model Libraries (AMLS)

- can be used instead of/in addition to native g°PROMS
interface to Multiflas®
Tested against variety of CO Thermo PMCs
- Aspen Propertie8, COMThermo (HYS¥8JniSint)
- Multiflasi® [CO interface]
- Simuli®®, PPD®: COCQO/TEA®
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CO PP/PS ProgID



...can be used with any type
of gPROMS calculation

ﬂ CO PP/PS ProgID



gPROMS CO Thermo socket — recent work

New implementation for gPROMS 3.1
Implemented asxCOThermoFOForeign Object

Uniform treatment of thermo across
- CO Thermo socket

- CO Unit plug (gO:CAPE-OPEN)

- CO Unit Socket

Improved stability & diagnostics
So far tested successfully with
- Aspen Properties

- Multiflash
- COCO/TEA
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gPROMS CO Unit Operation plug




gPROMS CO Unit Operation plug

Available since gPROMS 2.3

- “gPROMS Object for CAPE-OPEN?",
or gO:CAPE-OPEN for short

Allows any steady-state g°PROMS model to be
iIncorporated within CO-compliant PMEs
- models of any complexity gO:CAPE-OPEN

- Including 1D, 2D, 3D+ IPDAEs

Wizard for exporting model from gPROMS
ModelBuilder

- no programming required
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Basic unit
definition

of a gO:CAPE-OPEN model
are encrypted

ﬂ Once exported the internals



Port definitions
and connectivity



Parameter
definitions

Associate gPROMS phys-
props with CAPE-OPEN

materials




gPROMS Mixer-Splitter
within Aspen Plus



gO:CAPE-OPEN - recent work

New implementation for gPROMS 3.1

Uses same thermo implementation aSOThermoFO

- previous gO:CAPE-OPEN had its own slightly diffeteermo
Implementation that led to subtle inconsistencies

Improved stability & diagnostics
Improved compatibility with the gPROMS PML

Extended export wizard to allow use of gPROMS TASK
language for

- model initialisation

- dynamic models operating in “pseudo-steady” mode

So far tested successfully with COCO/TEA

- further testing being organised
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gPROMS CO Unit socket
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gPROMS CO Unit socket

A new Foreign Object plug-in
- COUNItFO

gFPROMS
- provides a bridge between the FOI and ‘ Foregn Obj
CAPE-OPEN Unit Operations

- beta version to be included with gPROMS 3.1 .
CAPE-OPEN Unit Operation PMCs have i
more “context” than a typical “pure ‘
function” Foreign Object, e.q. [

- Inlet/outlet structure

- physical property calculations
- own user interface

[ gPROMS |

| counitFod |

MG |
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gPROMS CO Unit socket wrappers

CO Unit Operations are wrapped
within native g°PROMS MODELSs

a CAPE-OPEN MODEL library in gPROMS

Allows further customisation
where necessary, e.g.

addition of further equations in symbolic
form

dialogs for DOF specifications
- may be different to intrinsic DOFs in CO Unit

specification of icons

currently a semi-automatic command-line
utility

being replaced by an import wizard within
ModelBuilder
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For example...

ﬁ Furnace model
ﬁ Boiler model

Steam Turbine
model

© 2007 Process Systems Enterprise Limited




Inter-organisation collaborative modelling

gPROMS PME o
Distributed PMC servers
- ~

Emphasis on security
of communication across public
internet & corporate firewalls
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Concluding remarks
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Concluding remarks

PSE strongly believes that CAPE-OPEN has brought
significant benefits to process engineering software

Current focus on consolidating basic interfaces
- CO Thermo socket

- CO Unit plug

- CO Unit socket

Objectives

- strengthening robustness & efficiency

- streamlining usage work flow

Implementation of new interfaces under consideratio
- based on user feedback
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