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What is CAPE-OPEN?

What CAPE-OPEN permits for end-users?

What is the CAPE-OPEN Laboratories Network?

Conclusions
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A freely available industry standard for interfaces between
software components making up process simulation tools

The success of a collaboration between software vendors,
end-users and academics

A proven technology implemented in most process
simulation tools

A growing adhesion by process simulation market leaders
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Process Modelling Tool
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Development 'X.
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Process
Modelling
Environment

Process
Modelling
Components

e Many interacting components. ..
o ...all tightly coupled with each other
» Component boundaries not always clearly delineated
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Process Modelling Components (PMCs)

> Well-defined pieces of software, relatively narrow
function

> Wide range of applications
 Physical properties
« Unit operation modules
 Numerical solvers




Process Modelling Components (PMCs)
Process Modelling Environments (PMEs)

> Support construction of process model

* From first-principles and/or library of unit operation models
> Support a number of model-based applications

« Simulation, optimisation, ...
2 May make use of one or more PMCs

3]
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Abstract CO Interface specification
2 Textual requirements
o Use Cases
> UML Diagrams
o List of interfaces/Methods/Arguments

COM/CORBA implementations
o Interface Definition Language files
2 Type library

g
CO-LaN |



’ Business interfaces

 Domain-specific interfaces for CAPE application domain:
define interfaces to CO components involved in a CO
process simulation application.

PME Interfaces

* Interfaces for CO simulator executives: services of general
use are defined such as diagnostics and material systems in
order to be called by any CO component.

Common interfaces

 Interfaces for handling services that may be required by any
Business and COSE/PME interfaces: support basic
functions and are always independent of Business and
COSE/PME Interfaces. H;
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0.9 (CAPE-OPEN
0,93 (GCO 2001).
. .................................................................................................................................. 10 (GCO 2002)

. Services

| Dl —=
4 & Scheduling SHYEAN

Electrolytes §

Physical

: Properties
M Pectroleum

Reactions

: 5 : BN Fractions 5
Optimisation | PDAE § ' 4 Thermodynamic and Physical
MILP, MINLP| Solvers HEEE i Properties :
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Aspen Plus
Simulation Executive

AspenTech AspenTech Hyprotech Hyprotech §

Hysys
Simulation Executive




PROMS ModelBuilder 3.0.0 alpha 26 (dev) o Iﬁ' Iﬁl
Project Edit View Entity Activities Tools Window Help

Eﬂl | cu aﬂ
[

o £ CAPE-OPEN_Unit
o [ Variable Types
o= [l Connection Types

Projects | Palette

|| .




Project Edit View Entity Activities Tools Window Help

nje@Es ¢ - B0

9 &3 CAPE-OPEN_Unit

o [§m Variable Types

o (@@ Connection Types
% 4 PHMixer2

o= | Yariahle Types

"] Stream Types
"] Gonnection Types
7 H Madels
@ PHJunction
o= ) Tasks

o= | Pmcesses
"] Optimisations
| Parameter Estimations
"] Experiment Designs
o= | Experiments
"] Saved Variahle Sets

@ MODEL PHJunction (PHMixer2)

]

4 PORT
g HidInlet 4% CO_Material
& TopInlet 4% CO_Material
7 TopOutlet 43 CO_Material
]
9 VARTABLE

10 junction mass_specific_enthalpy

11 junction mass_fraction

12 outFlow

13 pressure

14 DeltalP

15 input_energy rate

16 # flashResult A5 ARRAY(Toplutlet.no components#3 + 11) of no type

A%
A%
A%
4%
A%
A%

mass_specific_enthalpy

ARRAY (TopOutlet.no_components) OF mass_fracti
ARRAT (TopOutlet.no_components, 1) OF nass_flowy

no_type
no_type
Energy_rate

Mass balance

17
" Miscellaneous Files 18 EQUATION
5 N
20 FOR i := 1 TO TopOutlet.no_components DO
21 0 = TopInlet.mass_flowrate * TopInlet.mass_fractionii)
E + MidInlet.mass_flowrate * MidInlet.mass_fractionii)
B - | TopOutlet.mass_flowrate * Toplutlet.mass fraction(i g
I - ’ Sfraeronti) Energy balance
25 END
26
27 TopOutlet.enthalpy flow * TopOutlet.mass_flowrate = TopInlet.enthalpy f£low
28 * TopInlet.mass_flowrate + MidInlet.enthalpy flow * MidInlet.massz_flowrate /
28 + input_energy rate ;
30
31 # Qut flows
55 Toplutlet.mass_flowrate = TopInlet.mass_flowrate + MidInlet.maszs_flowrate;
33
34 TopDutlet.masz_fraction = junction mass_fraction :
35 |
12:93  |mg
Projects | Palette Interface LSpeciﬁcaﬁun LTupqugy LQPROMS language LPruperties g"ﬁ
84




PROMS ModelBuilder 3.0.0 alpha 26 (dev)
Project Edit View Entity Activities

& [ [ Search & replace

=8|

Window Help

Compare

o @8 CAPE-OPEN_Unit

o [Fml Variable Types
o (@@ Connection Types
7 4 PHMixer2
o= ] Yariahle Types
"] Stream Types
"] Connection Types
o 4 Models
@ FHJunction
o ] Tasks

o= | Processes
" Optimisations
"] Parameter Estimations
"] Expetiment Designs
o= | Expefiments
"] Saved Variahle Sets
"1 Miscellaneous Files

[J Unit Tree Problems
Copy ¥-referenced entities into project

Create links to external files...

Exzport to ShadowPlant...
Export to Simulink...

Generalise process...

Browse variables...
Show stream table...

Icon size when added to topology diagrams:  |Default
Import files... N 0 n e ed tO

Export... Change mOdel fOr
Export to ModelBuilder v2.2 project... C AP E_O P E N

| EXpOTtto CAPEOPEN..  — — —— :

exportation

Fort Conneciion type Dimensions Direction X Fort set

‘ Add... H Edit... H Delete ‘

Projects | Palette

gPROMS\\

supports
CAPE-
OPEN
Material
Object

/

Interface LSpeciﬁcaﬁun LTupqugy LQPROMS language LPruperties




Exportation leads

to a single file being

created (extension
gCO). Easily

deployable.
] " .

Export directory |- ComponentsigPROMSUnit plugiTest 100305 Browse

Unit name |PHJunction Qﬁ

Cverwrite previoushy generated TASKs and PROCESS

saved variable set | InIuce / \
Encrypting the gCO
file enables
Encryption password afgsjhi N__\ deployment to other
Decryption password {optional) parties and ensures
\r[ consistency
Lﬁeneral Ports | Parameters \\ /
Export Cancel

=1

E

CO-LaN




' [£]Export to CAPE-OPEN

X
Ports:
FPart Direction Cannection
MidInlet Inlet ™ Obligatary ) Optional
Taplnlet Inlet ™ Obligatory ) Optional
TopOutlet Outlet ) Obligatary ® Optional
Port variables:
FPart variahle Direction

enthalpy_flow

) et ) Send

mass_flowrate

) Get ) Send

mass_fraction

) Get ) Send

Pressure

) Get ) Send

termperature

) Get ) Send

L General

\\ optional j

Ports | Parameters

Export

Cancel

4 N

Ports
connection
may be
mandatory or




T2l Export to CAPE-OPEN

/Each parametem

is provided with
a lower and

upper bound as

well as a default

] Mame Loweer bo... |Defaultva.. | Upper bo... LInits Fixe//-ﬁ'ﬁlud
DeltaP Fressure... (0.0 100 1000.0 Fa
input_en... |Energy rate|0.0 1 1000.0 s
Lﬁeneral Ports | Parameters
Export Cancel

value.

y







p;i HDA.HSC - Aspen HYSYS 2004 - aspenONE - [PFD - Case [Main]]

T File Edit Simulation wsheet

Fresh
Toluene

Cond3
anergy

PFC Tools Window Help

STy

T o]
Comp ENEra
CAPE-OPEM ot Comp
Subflowshest out
Wiz

TnIuene*Hyu‘nﬁn Eltl. !!

o tollene
= P-100 |
F1-Liyiin
tolueng!’
RCy-2

Condz2
energy

henzene

Reh2
energy

{SEEERRREE)
INRINEREEE:

Bipheryl alim
colonne col

e i colanne

henzene

==+ ]

K100

stabilizer

€1

Since gPROMS
mixer model
involves basic
material and
energy balances,
results with
Aspen HYSYS
2004 native
mixer and
gPROMS mixer
should be strictly
the same.




y.a HDA.HSC - Aspen HYSYS 2004 - aspenONE - [PFD - Case (Main)]

Help

||_E>C= | 'ﬁ | @F |; | A E riranmi

T O c1 an

Comp ENErgy K100
CAPE-OPEN ot Comp

Subflowsheet out
Fresh M3

Taluéne out

Toluene+Hydrogen B T g3
i Mix Qg FRETaY

micioos oMt B3 M

Feed

@ P-100

Ri-Linuin, £
toluene' % taluens2
RCY-2 E2

Cond2
energy

henzene

Reb2
energy

Reb3 stahilizer
energy

Biphenyl

colonne colonne
toluene henzene




»d HDAHSC - Aspen HYSYS 2004 - aspenONE - [PFD - Case (Main)] -8 =l
_l:ase {Main)
@@ | 4 :

& Fil
Add Opatatio Fiz
Fi F3

St +G

C1 E!q

ENErY K-100
Comp

Fre i

Mix-1008

@ P-100
R=Lirgid s

foluene’ toluene2
RCY-2

Cand2
energy

henzene

Reh2
ehergy

Reh3 stahilizer
Bnergy

Biphenyl

calonne colonne
toluene henzene




w3 HDAHSC - Aspen HYSYS 2004 - aspanONE =&l x]

Fila Edit Simulation Flowshest Tools Windows Help

0= g |@ “[%|E>C=|@¢|°@’|§|A Erwironment: Case Gl [

Mode: Stear ﬁ }{
R - =

—Categorie: —awailable Unit Operations— & I Default Colou
& AlUnit Ops 4 Sitiipper Cruds | £dd { !:i
7 Wessels iy
) Aicfjust Cancel |
= Heat Tranzfer Equipment At coaler L
" Rotating Equipment Azpen Hydr@ulics Sub-Flov
" Piping Equipment Eaighouse Filter
. . alance
" Solics Handing Elack il Translator
" Reactors Boolean And
£ Prebuilt Colurng Eoolean CountD awn
" Shart Cut Columns Boulean Countlp |
£ Sub-Flawsheets Batemn Ll
. Boaleat Mot
" Logicals Baalean OffDly
" Extensions Boolean OnDiy
" User Ops Boolean Or
" Electralyte Equipment
" Refinery Ops Cause And Effect Matrix
= Upstream Ops Colurin Sub-Flowshest J

FLOW CUSTOM
SHEET COL UMM

‘wiaming : Fluid Pkg Tranzition - Mot Solved d Lolumn Flowsheet stabilizer  Hot Lonwverged

‘wharning : Fluid Pka Transition - Mot Solved Column Flowsheet colonne henzene Hot Converged

Warning : Fluid Pka Transition - Mot Solved j Column Flowsheet colomne toluene Not Conwerged

| Halding... [l [afe | gﬁ

hid




| AES.CADE-DPEN Kit Component Manager

I:-
L

Click on the tree ta browse infarmation CAPE-OPEN Component Category ILlnit Operations
Double-chck to create the selected companent.
Registered Companants | Description | 3PROMS based CAPE-OPEN([1-0-0) Unit

B- Ll_nit Cperations
- BimS i Miser Urit [Simaci. Mixer. 1]

CAPE-OPEN

- MisMSpl 11 [AspenCOUntIIaMiaNG | argon 1.040 LEmpararivzsnn 20
it Split 12 [AzpenCOUnit] 00.MisM S
- DistillationS hartcutU nitdixCAPE Wendar hitp: /v paenterprise, com | Compaonent Help
& g0 _CAPE-OPEM [gPROMS_CO.LUnit. About — _
o HYPMiner-Splitter [Miver MixerCO0] oLl Thig iz a gPROMS baged E.-'B.E'E-EIF'EN [mits,

from Frocess Syatems Enterprize Ledh,

Bridge Studiozh

107a Hammerzmith Eridge Foad,

London 'wE S04

LIEN

Y

http: feasnn. pzenterprize. com

Technical infarmation

.| | B | 408 6881C-88D 2-45BE -BIBE-34FF31102FB1)

Refrezh | Accept I Cancel

mE
2 il




53 HDAHSC - Aspen HYSYS 2004 - aspenONE -8 =l

Environment: Case (il (4| [
Mode: Stea ﬂ }{

File Edit Simulation Flowsheet Tools Window Help

oo 2| x]

Rechercher dans : Ia Presentation LIM2005 j - EF '
- =
code &) I Default Colo,
input { !: i
autput

S E
DA &
Fgdp
mam G|

P e 4

save
Blender.gCo
PHlunction.gCO

Nom de fichier : PHJunction.gCo Ouerir I
Type: IEape-Dpen Unit Files(*.gC0) j Annuler |

[™ Ouvert en lecture seule

T ETectiolte Eguipment

- C P £
" Refinery Ops Cause And Effect Matriz
" Upstream Ops Calumn Sub-Flawsheet J

4

R
EEL
L
€1

FLOW CUSTOM
SHEET EoCutr|

n—
PFD 1 I
‘wharning : Fluid Pkg Transition - Mot Salved d Loluwn Flowsheet stabllizer  HNot Lonverged
‘wharning : Fluid Pkg Transition - Mot Solved Column Flowsheet colonne henzens Mot Conwverged
warning : Fluid Pka Transition - Mot Sokved ﬂ Column Flowshest colonmne tolusne Mot Converged
| Holding.. [ [arw |

<

2o |
ool
™ i

iaﬂémarrerl J @ @ @ m @ |J apresentation LMz005 | M\crosoFt PowetPoint - [w... | IﬁIHDA.HSC - Aspen HY... |%5® ! a ﬂ El @ ;D @ @ %Eﬂ %( 16:1% ‘_
o



— General properties

Unit Type {gPROMS_CO.Urit.2.4.0
Uit M ame |ED-1 ]

Urikt description gPROMS bazed CAPE-OPEM(1-0-0) Urit

Report to be integrated in the HYS'Y'S Repot 1o CAPE-OPEN report provided by the it

Repart rezult from LAST unit execution

4]

b aterial Connectionz l Unit % ariables L General 1

Mot Solved

Shaow Unit GUI

gl

S|

¢

il



l\! HDA.HSC - Aspen HYSYS 2004 - aspenONE

File Edit Simulation Flowsheet Tools Window Help

==

Dl Coak—¢ L owld

Environment: Case (il (4 [

UnitDps - Case (Main)

=10lx|

Mode: Stear ﬂ }{
-

—Categarie: Available Unit Operation ) I Default Colo

& All Unit Dps “4Stripper Crude Al $I { ti
C Ves Pt L
" Heat Transfer Equipment

£~ Rotating E quipment | EI i
¢ Piping Equi t benzene

|p!ng qurnen r— Feed, Product Streams and Material Ports Biphenyl
™ Solids Handling H2 CHa !' i
" Reactors
) Port 1D Porttype  [D|Purge :
'® Pl Tl Midinlet Material |1 1 Lickid 63 &5 I
€ Shart Cut Calumng : toluened
Toplnlet Material Irmer T T &

" SubFlowsheets TopOutlet I aterial Outlet | N "\,‘“ ‘i"a
"~ Logicals

" Extensions E’——-E

" User Ops

"~ Electrolyte Equipment ﬁ% -a:"a
" Refinery Ops

" Upstream Ops A Q"E

&
Material Connections 1 Unit Y ariables l General l Therma +
I Not Solved Show Unit GUI

P

‘wharning : Fluid Pkg Transition - Mot Salved
‘wharning : Fluid Pkg Transition - Mot Solved
Warning : Fluid Plka Transition - Mot Solved

4l
[

Column Flowsheet stabhllizer  Hot Lonverged
Column Flowshest colonne benzens Not Conwverged
Column Flowshest colonne tolushe Hot Conwverged

| Holding. [

| alv |

.i Démarrer |

J a lg @ m @ |J apresentation UIM2005

|M\cmso&Dowerpoint-[W---”ﬁIHDA.HSC-AspenH\"... |%5®!’QEE@D®@@E&%‘ 16:13

y
ol

L o
[&-21]
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[Mix T = [~
 Feed, Product Streams and b aterial Parts r Unit Specific 0ata and Public “ariable:
Port ID Fort type Direction I aterial name M ame Type |Mode|Lower bound | Upper bound | Value 4/ alidal
Midlnlet M aterial Inlet Toluehe+Hydrogen Energy rate Real [IM 1] 1000 1
Toplnlet M aterial Inlet toluene? Pressure Drop Real |[IM i] 1000 100
TopDutlet I aterial Outlet Miw Dut' \

Kl A

Fezet Parameters |

Material Connections l Unit Variables 1 GenEJ \ Thermao Iaterial Connections J_ / l Therma

I . .
Not Solved | Sy Wi E1UL | | Not Solved Show Urit GLI |

Initial parameter

All ports connected _
settings

o
™ il




Unit Praperties Input Parameters | Report | Ports | Log | &bout|

Parameter | Type\ Value| Lower bound| Upper baund| Units |

Real L 1l 0] 10000)s

Pressure Drop Real 10a a 1000 Pa

Change Valuel

Close

Bl 9P ROMS Cape-Open Unit Object [

Unit Properties  Input Parameters | report | Ports | Log | About |

| Parameter | Type| Va\ue| Lower buund| Upper bound ‘ Units ‘
Energy rate Real 0 0 1000 s
Fressure Drop | keall dool 0] d000[Pa

Change Value

Close

yalue:|D| 1fs

LuwerEDundJD

UpperEuundJlDDD

oK Cancel

Pressure Drop

yalue:lﬂ Pa

Lower E-n:uund:llil

Upper Bound: | 1000

0K I Cancel




y.a HDA.HSC - Aspen HYSYS 2004 - aspenONE =7
atiod PFD

H7><"' \?0 ||7'@' | A Ce(Main)

:
H \ H DAP @b Results obtained

are strictly the
=4 same as with

Feed r 2 C1 L 1
Camp ERENgy: LA in

. .
g Sl o native Aspen
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Toluéne oot TEE- 100

Toluene+Hydrogen I - ~ . it _nge'g" g R1 HYSYS 2004
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e P00 —
RA-Liquid
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Cond2
Energy
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BIF'hem::olonne & . calonne \ 1 i SImuIatIOn

. o converged.

S =T I
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PFD 1
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Cheaper, better and faster design, operation and control of processes

° Plug-and-play

« Ability to seamlessly integrate a component from the library

of foreign objects (unit operations, thermo models, solvers
etc.).

« Ability to seamlessly integrate in-house proprietary
components in commercial environments.

= Niche software

 Ability to link specific niche modules to the simulators.
Small and niche software vendors will provide CO-compliant
components.

2 Return On Investment

* Individual studies will cost less because of the technical
advantages of being able to mix-and-match.

* Plug-and-play capacity will stimulate the market and create
new opportunities. %

CO-LaN |



SASOL

2 Reactor models made CAPE-OPEN compliant:

* to be independent from process simulators in which they
are used.

SHELL

2 In-house thermo server (SPPTS) made CAPE-OPEN
compliant:

« same code accessible in all process simulators Shell is
using.

US DOE and Alstom Power

2 Fluent CFD models embedded in 0D process
simulators through CAPE-OPEN interfaces

3]

4 >
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Already available
2 MultiFlash (Infochem): thermodynamic server
> ChemSep: rate-based distillation model

To be made available
2 CosmoTherm (Cosmologic): thermodynamics
2 TACITE dynamic pipe: unit operation

g
CO-LaN |



HTRI

2 Xchanger Suite will need to support only one type of
interface in order to be pluggable in all process
simulators

SIMULIS Thermodynamics

2 Marketed on internet as an affordable
thermodynamic component

g
CO-LaN |



Shell Chemicals

CoSPPTS
Cape/Open - Shell Physical Properties and Thermodynamic Software

= Motivation
— Use of existing Shell methods and data in commercial programs
— Consistent and fast implementation of results of own research

= Functionality

— Access to main Shell methods
» Equations of state: SMIRK and CPA
« Activity model Shell-NRTL/Henry
 Shell pure component and binary database
— COSPPTS front end (GUI)
* Selection of models and components

» Data entry for pseudo components and model parameters (overwrite)




Shell Chemicals

CoSPPTS
GUI of the tool — start up window

™ CAPE-OPEN HYSPPTS Property System

fi—] CAPE-OPEN HYSPPTS Propenry System
i}
N

CAPE-OFEMN HySPFTS FProperty Systermn is an application designed to
configure CAPE-OFEN property packages using the SFFTS library of
thermadynamic methods

CAPE-OPEN HYSFFTS FProperty System will allow you:
= Specifying your system companents
== Creating hypothetical components and estimating their properties
= Specitying phase models
== Editing rodel parameters, component propeties and binary interaction parameters

This information will be stored on an XML configuration file. Use "Import File®and "Export
File" to read from and write to configuration files

App. Info 1 Fhasze Mu:u:lelsl Hypo T abular 1 Companents l Comp Frops 1 Binar_l,lF'aramsl Ahout

i Import File___ : Export File___ | Exit |




Shell Chemicals

CoSPPTS

GUI of the tool — selection of components

™ CAPE-DPEN HYSPPTS Property System

‘“—Eumpunent Properties

Component name propanal-2 [ipa)

Exported name 2-Propanal
Pepper name a0
Farmula
CAS number F7-63-0

— Current list of co components

ETUH
FURF
GLYC
H2

H202

r
Export companents using: Remove 333 |  Full Name << Add |
% Shell MFD cormponent code

f* HYSYS names
{ Azpen names  Farmula

App. Info l Phasze Modelz 1 Hypo Tabular l Eumpunentsl Comp Propz l Binary Paramns 1 About

Import File__. | Export File__. | E xit |




@ shell Chemicals

CoSPPTS

Consistency check: own program versus AspenPlus

VLE Water-isopropanol (IPA)

+ Via Shell inhouse
program

— Via Aspen-COSPPTS

Temperature [C]

0.4
Component fraction IPA [mol/mol]




National Energy Technology Laboratory
Office of Science, Technology & Analysis

o Goal

— Reduce the time, cost, and technical risk of developing
advanced power generation systems

e Objectives
— Apply wide range of modeling and simulation technology
« Computational chemistry, CFD, process simulation

— Develop integrated, multiscale simulation capabilities
« Use co-simulation frameworks s
« Exploit open standards

— Couple with advanced visualization 1
and high-performance computing -

— Demonstrate virtual power plant S rnr G
simulations

=TL

CAPE-OPEN Meeting SEZ/NETL/August 24-25, 2004



Combines process simulation with
custom engineering models and
computational fluid dynamics (CFD)

e Complies with the process industry
CAPE-OPEN software standard

o Offers fast reduced order models
(ROMSs) and parallel computing for
improved performance

(CAPE-OPEN Interface )

equipment and process analysis / %
o First of a kind development by = N

NETL and its R&D technology FLUENT CFD | || Device Model | (] Order Model
Confi ti Confi ti Confi i
partners *Wizard " Wizard *Wisard
o Recognized with 2004 R&D 100
Award ipment Model Databa

o Exploits advanced visualization for

APECS Software Integration Framework

- V, :
NSTL SEFLUENT ® hopencr e, ALSTOM. Carnesge Mellon (5 STSTR S TVASSITY

" The Right Answer in CFD INTERNATIONAL
CAPE-OPEN Meeting SEZ/NETL/August 24-25, 2004


http://www.fluent.com/
http://www.iastate.edu/

APECS Power Generation Applications

e Fuel Cell Auxiliary Power Unit
(APU) with 3D CFD SOFC

e ALSTOM NGCC (250MWe ) with 3D

CFD HRSG

GT Cooler T

G
Economizer HP
Economizer

aaaaa

or

-

o ALSTOM Conventional Steam Plant
(250MWe) with 3D CFD Boiler

Volatile Feed Stream
/ Coal Moisture Feed Stream
Venturi Air Feed Stream

e FutureGen Plant (250MWe) with 3D CFD
Gasifier and 2D CFD Turbine Combustor

T T
i et J

@ieoumo

CAPE-OPEN Meeting SEZ/NETL/August 24-25, 2004



A
APECS Application - SECA Fuel Cell APU System

=TL

Aspen Plus process model of
Auxiliary Power Unit (APU)

FLUENT 3D CFD model of
SECA solid oxide fuel cell

Optimize process efficiency

by varying CFD parameter o A2) Do ety Wi2)
(fuel cell current) - Spemary 1)

Maximum system efficiency .
(LHV) of 45% at 18 amps \<

Maximum system power of -

=

4.3 kW 04 /%

0.2 W
Convergence in 6-10 Aspen =
Plus iterations requiring 45-60 °, ; o s 2
minutes of CPU time Current (Amps)

Zitney, S.E., Prinkey, M.T., Shahnam, M., and Rogers, W.A. (2004), “Coupled CFD and Process Simulation of a Fuel
Cell Auxiliary Power Unit,” In Proc. of the ASME Second International Conference on Fuel Cell Science, Engineering,
and Technology, Eds. R. Shah and S.G. Kandlikar, Rochester NY, June 13-16, 2004, Paper 2490, pp. 339-345.

CAPE-OPEN Meeting SEZ/NETL/August 24-25, 2004




APECS Application - FutureGen Power Plant

e FutureGen Power Plant

—1GCC with CO, capture and
H, production (275 MWe)

—Large, integrated plant with
aggressive design goals

—New, innovative equipment
with lack of design data

e APECS Application
—Process model
« Aspen Plus steady-state
« Over 250 equipment items

—CFD models FLUENT e o R
- Gasifier T T TFLUENT
« FLUENT 3D Gasifier =@ aema Gas Turbine
o ~ Combustor
« FLUENT 2D GT Combustor FutureGen APECS

=TL

CAPE-OPEN Meeting SEZ/NETL/August 24-25, 2004



e
_ cape.open Lanormres Notork

A group of end users taking responsibility
for putting resources together to support
ongoing work on the standard
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1995‘1996 1997‘1998‘1999‘2000‘2001‘2002‘2003‘2004‘2005

OO-CAPE
Developing the concept (1)

OS-CAPE
Developing the concept (2)

CAPE-OPEN
Proving the concept

Global CAPE-OPEN &
Implementing the technolo

w
"~ [ataiey

CO-LaN

Maintaining the standard

GCO Support
Disseminating results

9%
CO-LaN |
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A standard can’t live by itself

A standard needs to be
2 Distributed

» Dissemination, free distribution, accompanying software,
training programs

o Supported

* Information, documentation
2 Maintained
« Corrections, debugging

2 Improved
 Upgrade, extensions

3]
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Not-for-profit organisation open to all CAPE actors
o Established on February 8, 2001 (www.colan.org).

Full Members: pay fees

2 End user organisations: operating companies,
process licensing companies, engineering
companies.

Associate Members: pay no fees

o All others: software suppliers, universities,
government, other non for profit institutions.

3]

4 ]
9
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User priorities for CAPE-OPEN interface standard

> Work with software vendors to clarify user priorities for
process modelling software component/environment
interoperability and also promote communication and
co-operation among CAPE software vendors to insure
that the CAPE-OPEN standard actually translates into
commercially valuable interoperability.

Dissemination

=2 Promote the CAPE-OPEN interface standard to end-
users and distribute CAPE-OPEN information and
technology internationally.

'S

9%
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CAPE-OPEN specifications life cycle management

2 Organise the maintenance, evolution, and expansion
of the specifications following user priorities.

Testing, interoperability facilitation

> Supply compliance testers to support development
of components, organise interoperability tests
between suppliers of Process Modelling
Components and Process Modelling Environments,
sponsor consultancy services on CAPE-OPEN.

Training/Migration facilitation

2 Ensure that training module guidelines and tools to
facilitate component wrapping are developed and

i

available. €' LaN l



rDisseminate
> Web site, documents, CO Update Newsletter.
2 « CAPE-OPEN Tour » days.
Develop independent testers and software
2 CO-LaN Tester suite, wizards, logger.
Facilitate Interoperability
o Use software made available in any combination.
o Sponsor consultancy by CAPE-OPEN experts.
Organize targeted Special Interest Groups on standards
o Trigger projects.
2 Open to all members.

3
R
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o
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Thermo: specification upgrade
* Leader: Werner Drewitz, BASF AG
 Development of revision 1.1 as well as extension to solids

Unit: Unit Operation extension
 Leader: Marcel van Maasdam, Shell Global Solutions
- Extension to dynamic simulation

Interoperability support
 Leader: Peter Banks, BP
* Further progress on interoperability

3]
o
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Membership
2 Number of members doubled

Adoption of the technology
2 Commercial, academia, in-house

Support actions for CAPE-OPEN implementation
> Endorsement by major organizations

g
4
CO-LaN |



Air Liquide (Philippe Arpentinier)

BASF AG (Ronald-Alexander Klein)

BP International Ltd. (Peter Banks/Malcolm Woodman)
Institut Francgais du Pétrole (Bertrand Braunschweig)
The Dow Chemical Company (Werner Merk)

Shell Global Solutions (Ray Dickinson)

TOTAL (Jacques Bousquet)
%

9%
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' Chemstations Infochem EPCON

Belsim SA Univ. Polyt. Catal. CPERI

SHMA Pvt Ltd. ProSim SA Cosmologic
SINTEF HTRInc. CAPEC-DTU
US EPA Fantoft Process PSE Ltd

US DOE/NETL SIMSCI-ESSCOR Virtual Mat. Group
ProtechSoft RWTH LPT TUHH
Valladolid Univ. DIPPR Fluent
Bucarest Univ. University of Maribor TUV NEL Ltd
Peter Banks Dechema e.V. INP Toulouse
Hans-Horst Mayer AspenTech Processium
Richard Baur Carnegie Mellon VTT

Jasper van Baten RWTH I5 ChemSep.org
Honeywell RSI

il

2

-



Frame Josel Lard
(RUSSIA}

=~ - Swalbard Noraga
+ Greenland kil gt —— ATV 56
[DENMARE) NS S !

T 1N A

BEAUTDRT SIA

g
& &
o"E K= r 1 AT R B

KILAND

RUSSIA

I ABRALE AT A

{ PACIFIC OCEAN
HORTH ATLAMTIC DCEAN - e LR
‘ll.l‘:l\h
o IAPAN
Pnam Ry wnm Mﬂﬁﬂ‘:f..l:r_
ALGERA
b " TR TR
_ L NN e o WL & e
TEs S o et S e by . e
mm"'”' i """'EL“.H"-'?..;'M r— o il%m“ RHILIPPINES =
- [
L UL Y s
EFims1 -, - \ﬁ'l;ﬂ'fw
pem .:3'.'""..‘;?:'&. i A B g B n}:r __‘n...:lm o
P
"..M SAWHELLFS INDONESIA WGU:IE#
= COMOEDS
e
JBOLVIA i MABACANAR ) !
French Polynesia (FR.] :h ; \.{ n,wﬁu . . n.,;ﬂur..; INDIAM OCEAN .
Fivaie sy UK | y LOUTH ATLANTIC OCTAN T EeArLAD AUSTRALIA
L
CHILE] b
(ARGERTINA
23 Software rati . » .
° : ¢ /Operating 5 5 Governmental @ 12 Universities % 4 Individuals v
suppliers Companies %3]




MNaorthern
Europe
|Benmarky %
Shetland lalonds § .
K} r 3 2 gl Eastern
ancs e 3 F™ Europe

i ~{\. \I‘:‘: TIA )
§ j R - - CUTHUAREA k\

weg - Central
= My BELARUS Europe
.

UKR&IME

'FlLPG.ﬁ.RT YLD CR

£
Europe L"/
™ CE‘ ATIA
¢ 2 SEEBIJ'&
POR I:._FIJ i LEATTE
{Mr\. Souih East
South West ey Europe
Y |
Europe IHiciide ‘
i (spain Sleily s
3 | Hzaly )
Gribsralis } " MALTA -
Southern e
Cresl e
Europe [Gre

o 23Software o 7 Operating 5 5 Governmental @ 12 Universities % 4 Individuals

suppliers Companies

ey




CO-LaN members are at the “learning edge”, acquiring
the ability to create business and technology
architectures that take full advantage of transparent
access to CAPE resources.

= with public and private access
° Repository of specification documents

« Supports standards dissemination and
development

2 CO Tester Suite for validation and testing
> CO wizards

g
CO-LaN |
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The best CAPE-OPEN Experts contribute to CO-LaN SIGs

Meet in CO-LaN activities

Meet at CAPE Conferences and Software vendors Users
meetings

Ask any question!




Significant results obtained

Commercial implementations available
Proven technology

Major benefits already from Unit and Thermo

Use it!
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CO-LaN

Michel PONS
Chief Technology Officer
Akzo Nobel Chemicals, Arnhem, November 17, 2005
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