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Overview

� Introduction to the VPDM project

� Technical developments
- CAPE-OPEN Unit socket for gPROMS
- wrapping legacy units for CAPE-OPEN
- accessing CAPE-OPEN Units across the internet/intranet

� Conclusions



© 2006 Process Systems Enterprise Limited

Virtual Plant Demonstration Model (VPDM)
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Virtual Plant Demonstration Model

� 3-year R & D project 
- focus on power industry
- partially funded by 

UK Department of Trade and Industry under its 
Carbon Abatement Technologies Programme

� Project focus: 

“Arm’s-length”
inter-organisational

collaborative modelling
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“Arm’s-length”
inter-organisational collaborative modelling

� Equipment vendors provide restricted access to 
models of their equipment to plant designers or 
operators
- …with whom they may actually be competitors in other 

projects/contexts 

� Unit operation models are always located with their 
owners
- …accessed remotely under strictly controlled 

technical/legal conditions

� Need to ensure secure interoperability across 
internet, company firewalls etc.
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VPDM additional requirements

� CAPE-OPEN compliance
- the software framework should not be tied to any specific 

vendor’s PME
- CAPE-OPEN chosen as the interoperability protocol

- strongly advocated by PSE….

� Re-use existing legacy codes as unit operations
- no knowledge of COM or CAPE-OPEN should be required
- should be possible to treat the legacy code as black-box

- in the extreme the original source code is not required

- just write some simple i/o wrappers around existing code
- should require no more than “standard” FORTRAN programming 

skills
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Distributed 
Process Modelling Component

servers

For example…

Process Modelling Environment
client
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PSE’s role in VPDM

� Design & implement overall software architecture
- liaising with other software partners

- Engineous : FIPER
- Fluent : Fluent CFD code & APECS

� Bring in knowledge of CAPE-OPEN
- gO:CAPE-OPEN
- CAPE-OPEN Thermo Foreign Object

� Support in development & testing
- gPROMS as the Process Modelling Environment

- with necessary extensions

- process modelling expertise
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CAPE-OPEN Unit socket in gPROMS
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gPROMS CO Unit Socket

� Based on gPROMS Foreign Object Interface (FOI)
- a well-established open interface 
- allows calculation plug-ins to be included in models
- lower level than CAPE-OPEN:  

‘pure’ functions of the form y = f(x)

� New software: COUnitFO
- a Foreign Object
- provides a bridge between the FOI and

CAPE-OPEN unit operations

� CO units are wrapped within native gPROMS MODELs
- allows further customisation if necessary
- wrapping quite simple

- currently done manually
- GUI wizard under development
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Demo 1: gPROMS and Fluent and Aspen, oh my!
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Wrapping legacy units for CAPE-OPEN
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Legacy codes for unit operations

� Batch execution
- no user interaction or interface
- a binary executable – source code may not be available

� All inputs read from input text file(s)

� All output generated into output text file(s)
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Overall architecture for legacy codes
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The COLegacyUnit

� Each legacy code is made available to a PME via a 
registered instance of COLegacyUnit

� The COLegacyUnit handles queries about parameters 
and ports using the information in the ‘configuration’ file

� The COLegacyUnit handles an ICapeUnit::Calculate() 
call by:

- writing the ‘input’ file
- launching the executable
- reading the ‘output’ file
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Execution of the COLegacyUnit Calculate method
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Standardised 
CO input file

Input 
file(s)

Legacy code
private 

information

COLegacyUnit

Front
Wrapper

Execution of the COLegacyUnit Calculate method



© 2006 Process Systems Enterprise Limited

Input 
file(s)

Output 
file(s)

COLegacyUnit

Legacy Unit 
Executable

Execution of the COLegacyUnit Calculate method



© 2006 Process Systems Enterprise Limited

Output 
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Standardised 
CO output file

COLegacyUnit

Output streams & 
equipment parameters

Execution of the COLegacyUnit Calculate method



© 2006 Process Systems Enterprise Limited

Overall architecture for legacy codes
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Accessing CAPE-OPEN units across the 
internet/intranet
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Remote CAPE-OPEN Units

� ‘Remote CO Unit’:
- a CAPE-OPEN unit operation that is installed and executed on a 

computer other than the one on which the PME is executing

� Access over public internet 
- across company firewalls
- acceptance/approval by company IT departments a major 

consideration
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Architecture overview

� Use simple proxy� server
architecture 

- with SSL encoded plain text 
communications between 
them

� Requires a component to 
act as a simple PME on the 
server side

- StandaloneSocket: a text and 
file-driven PME that allows a 
single unit operation to be 
plugged into it



© 2006 Process Systems Enterprise Limited

Limitations of current implementation

� Requires ‘duplicate’ thermo system/package on 
server side
- essential to avoid excessive communications

� Units must be able to operate without GUI

� Units must have a fixed number of ports
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Demo 2: Power Plant
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Conclusions
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Conclusions

� Three major developments…
- CAPE-OPEN Unit socket for gPROMS
- wrapping legacy units for CAPE-OPEN
- accessing CAPE-OPEN Units across the internet/intranet

� …completely orthogonal to each other
- can be used in any combination
- to be released as standard within future gPROMS 

distributions 

� VPDM project outlook
- big demo with ‘real’ legacy codes now under development
- PMCs based on Fluent APECS (e.g. furnaces)
- enabling technology developments

- e.g. reduced-order models for large-scale CFD models
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