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· Goals/Objectives of US-UK Collaboration 
on Virtual Plant Simulation

· Brief Project Overviews
- US APECS
- UK VPDM

· Collaboration Overview
- Four Key Tasks
- Accomplishments

· Summary
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· Fossil Energy Research & Technology 
Development Goal
- Develop compatible process/equipment  

co-simulation software platforms for 
application to advanced fossil-energy 
power generation systems

· Leverage On-Going R&D Projects 

- US Dept. of Energy (DOE/NETL)
· Advanced Process Engineering 

Co-Simulator (APECS) 
- UK Dept. for Business, Enterprise 

& Regulatory Reform (BERR)*

· Virtual Plant Demonstration 
Model (VPDM) 

- CAPE-OPEN Software Standard

* - formerly UK Department of Trade & Industry (DTI)

US DOE FutureGen

UK Power Plant
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· Improve focus and efficiency of VPDM and APECS 
R&D activities through information exchange and 
dissemination 

· Provide software interoperability between APECS 
and VPDM

· Increase leverage for influencing software vendors 
and open standards organizations

· Develop potential for long-term cooperation in 
virtual plant simulation from experience gained 
during project collaborations 
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· CAPE-OPEN compliant co-simulation
software framework for integration of:

- Process simulation

- Equipment simulations

· Computational fluid 
dynamics (CFD)

· Custom engineering 
models (CEMs)

· Reduced-order 
models (ROMs)

· Enables analysis and optimization 
of overall plant performance with 
respect to complex thermal and 
fluid flow phenomena

APECS Software Integration Framework
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· Process Simulators
- CAPE-OPEN compliant
- Aspen Plus®, HYSYS®, gPROMS®

· Equipment Models and Database
- CAPE-OPEN compliant
- CFD: FLUENT®

- Custom Models: e.g., INDVU
- ROMs: LR, NN, PCA, POD

· Integration Controller
- CAPE-OPEN v1.0 Interfaces
- Unit Ops, Phys Props, Reactions

· Configuration Wizards
- FLUENT®, Custom Model, and ROM

· Solution/Analysis Tools
- CAPE-OPEN compliant
- Hybrid: Speed (ROM), Accuracy (CFD)
- Stochastic, Multi-objective Optimization

· Distributed Execution
- CAPE-OPEN COM/Corba Bridge
- Windows/Linux, Serial/Parallel

· Virtual Engineering
- CFD Viewer (2D), Paraview (3D)
- VE-Suite
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APECS/VE-Suite
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· ALSTOM Conventional Steam Plant 
(250MWe) with 3D CFD Boiler
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· Fuel Cell Auxiliary Power Unit 
(APU) with 3D CFD SOFC

· FutureGen Plant (250MWe) with 3D CFD 
Gasifier and 2D CFD Turbine Combustor
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· ALSTOM NGCC (250MWe ) with 3D 
CFD HRSG
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Virtual Plant Demonstration Model (VPDM)
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· Project Overview

- 3-year R&D project (2004-7)

- Partially funded by UK’s BERR 

- Lead: ALSTOM Power UK 

- Focus on power industry

· Project Goals

- Development of an integrated 
software framework that enables 
“whole plant” modeling 

- Application to advanced power 
plant cycles
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VPDM - Software Structure Overview

· Whole-Plant Environment
- Process simulators

· gPROMS® (PSE)

· ECLIPSE (Univ. of Ulster)

· Aspen Plus® (AspenTech)

- CAPE-OPEN

· Equipment Models
- “Wrapped” industry 

proprietary codes

- Leverages APECS
for CFD and ROMs

· Middleware
- Secure, global model

connectivity via Internet 

- FIPER (Engineous) 
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· Task 1: Develop compatible, steady-state, power 
plant simulation software platforms using process-
industry standard CAPE-OPEN interfaces

· Task 2: Evaluate strategies for generating reduced-
order models (ROMs) from high-fidelity equipment 
models based on computational fluid dynamics (CFD) 

· Task 3: Implement and test Internet security and
communications for distributed plant co-simulations

· Task 4: Define CAPE-OPEN standard requirements 
for the dynamic simulation of advanced power plants
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· Information exchange and dissemination
- Held quarterly videoconferences
- Participated in US-UK collaboration meetings
- Completed annual reports for all four tasks and posted 

on US-UK collaboration web site
- Delivered US APECS and UK VPDM presentations at 

process and energy conferences
· Software compatibility and open standards

- Exploited CAPE-OPEN standard in APECS and VPDM
- Demonstrated model interoperability: CFD, CEMs, ROMs 

· Fossil energy research and technology 
- Used VPDM/APECS to demonstrate FLUENT CFD and 

neural network ROM furnace model running in gPROMS
co-simulation of Didcot A coal-fired power station
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· Didcot A conventional 
coal-fired power station

- Plant: PSE (gPROMS)
- Equipment

· Furnace – RWE; CFD 
(FLUENT), ROM (ANN)

· Boiler – Doosan Energy
· Turbine – ALSTOM

Distributed Equipment ModelsPower Plant Model

gPROMS
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· CAPE-OPEN standard facilitates 
seamless integration of process 
simulation and CFD in APECS and 
VPDM co-simulation environments

· APECS and VPDM help to analyze 
and optimize fluid flow and related 
phenomena that impact overall plant 
performance

· US/DOE/NETL and UK researchers 
are using APECS and VPDM to 
reduce the time, cost, and technical 
risk of developing high-efficiency, 
zero-emission power plants
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Thank You!

Questions?

For additional information, please contact:

- Stephen E. Zitney, NETL
· EML: stephen.zitney@netl.doe.gov

- Tony Oliver, KS-Tech
· EML: kstech@btinternet.com


