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

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

Projects | Palette
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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
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' [£]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.
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p;i HDA.HSC - Aspen HYSYS 2004 - aspenONE - [PFD - Case [Main]]
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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
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»d HDAHSC - Aspen HYSYS 2004 - aspenONE - [PFD - Case (Main)] -8 =l
_l:ase {Main)
@@ | 4 :
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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
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" Logicals Baalean OffDly
" Extensions Boolean OnDiy
" User Ops Boolean Or
" Electralyte Equipment
" Refinery Ops Cause And Effect Matrix
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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
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| 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
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— General properties

Unit Type {gPROMS_CO.Urit.2.4.0

Lnit M ame ||:|j.1 0o

e e gPROMS bazed CAPE-OFEM[T-0-0] Lirit ﬂ
Report to be integrated in the HYS'Y'S Repot 1o CAPE-OPEN report provided by the it j

Repart rezult from LAST unit execution

4]

b aterial Connectionz l Unit % ariables L General 1

Thermo

Mot Solved

Shaow Unit GUI

12
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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. [
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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 p=a
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
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Same mixer model can be run as well in Aspen Plus or
in PRO/II

Same applies to thermodynamic components:

> A CAPE-OPEN Property Package out of Multiflash
(Infochem) runs the same in Aspen Plus, Prol/ll,
Aspen Hysys, Simulis, gPROMS...

g
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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 |






ATOFINA

° Detailed model of a reactive absorption column: very
limited knowledge of CAPE-OPEN needed

IFP

° Detailed model of a catalytic reactor: advanced
knowledge of CAPE-OPEN needed

US DOE / Alstom Power

o Detailed (CFD) model of a combustor: very limited
knowledge of CAPE-OPEN needed

3
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Situation ‘N ATOFINA

o Current tool no longer developed by AspenTech

> Model embedded can’t cope with fast liquid film
reactions
« CO, absorption by NaOH aqueous solutions

Solution developed
2 gPROMS modeling

* Rigorous handling of Maxwell-Stefan equations
» Appropriate model for fast kinetics in liquid film
Limitations

> gPROMS requires a thermodynamic server
* OLI linked to gPROMS but OLI not licensed by ATOFINA

ray
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User requirements
> gPROMS model using an Aspen Plus thermo
- Typically ELECNRTL
> gPROMS model used within an Aspen Plus model

 To be used just as any Ratefrac unit model
Technical solutions applied

> Make a CAPE-OPEN Property Package out of Aspen
Plus based on ELECNRTL

o Call this CO PP within gPROMS model through CO
Thermodynamics and Physical Properties interfaces

2 Include the gPROMS model as a CO Unit Operation
within an Aspen Plus flowsheet

9%
CO-LaN |
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Within Aspen Plus (no need to know any CO specific)
> Define chemical compounds
° Define methods to be used for each property
o Export as a CO Property Package (CO PP)

Requires Aspen Plus license when being called upon
Referenced through the name given to the CO PP file

Registered in the Windows registry as a CO PP within
the CO Thermo System supplied by AspenTech

g
CO-LaN |
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gPROMS model calling A+ CO Property Package

> Properties requested from Aspen Plus
« Vapor Heat Capacity
« Vapor Thermal Conductivity
* Vapor Enthalpy
» Liquid Activity Coefficient
* Liquid Enthalpy
* Liquid Volume
* Liquid Thermal Conductivity
« Surface Tension
» Liquid Fugacity Coefficient
* Liquid Viscosity
(note: flash equations within the gPROMS model)

3]
o

9

=



r

UNIT
Plant AS Column
SET
WITHIN Plant DO
PhysProps :="(PS)ATCOProperties. COPropertySystem.1<gPROMS121new>"";

FORy:=0TO 1 DO
FORz:=0TO 1 DO
FORi1:=1TO 4 DO
Molarfrac_aux(i, y, z) = Molarfrac(i, y, z) ;
END
FOR1:=5TO 11 DO
Molarfrac_aux(i, y,z)=0;
END
FOR 1 :=1 TO NoVapSpecies DO
VapHeatCapacity(i, y, z) = PhysProps.VapourHeatCapacity(T(y, z), P, frac(i, )) ;
END
Lambda_vapour(y, z) = PhysProps.VapourThermalConductivity(T(y, z), P,
Molarfrac_aux( y, z)) ;

END
END ail
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Thermodynamic
2 Isobutane formation is promoted at low temperature
o Catalyst to work at low temperature

Catalyst
© Butane is less reactive than long paraffins
o Catalyst must provide important acidity
2 No zeolith catalyst

Reaction mechanism
2 A bimolecular mechanism is modelled:
» a reaction intermediate C8 produces i-butane
« cracking product (C1- C3)
» disproportionation product as C5 i-C5

3]
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Introduction

2 Migrating a FORTRAN 90
Reactor Model to the
CAPE-OPEN standard.

Description

2 IFP /| CAPE-OPEN BIP
Reactor architecture:

Unit Operation

O

ICapelnterface

Fortran
Code




1. Create a Fortran DLL with
Source file of the standalone

Fortran
Flat DLL Model.

2. Create a COM DLL using CO
Unit Wizard

AobSe EEOZ2 6%k
G LIS
= LE
A= o5
= I
B
0o
os
i~
= E
CEl
is
ta
©
2 =
= = -

3. Connect these two DLLs
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DOE Fossil Energy R&D Programs

FutureGen

‘w » $1B, 10-year demonstration project
ﬁ » Coal-fired, gasification-based plant

Fuel Cells

Gasification with
Cleanup & Separation

Systems Analysis
Gas Turbines & Integration

L d

=TL

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



NETL’s Advanced Power and Energy Co-Simulation (APECS)
DET SEFUENT Capenc ALSTOM SISIRG

Major Components and Features

e Process Models
— Aspen Plus®
Equipment Models
— FLUENT®
— Custom Device Models
— Reduced-Order Models (ROM)

Integration Controller

— CAPE-OPEN (CO) Interfaces

— Unit Operations, Physical
Properties, Reactions

(Bl =4 |
DEE

« Configuration Wizards A
~ FLUENT [co] 4 Jeol 4 [eo]
— Custom Model™ and ROM™ Pt
« Model Database / % " A
o CFD Viewer Custom Reduced
¢ Solution Strategies FLUENT CFD Device Model Order Model
_ Speed (ROM) Cor:,f\;igzt;rra:’tion Cor:,f\;igzt;rrztion Corw%::a:’tion
— Accuracy (CFD)
e Remote Execution
— Windows/Linux ipment Model Databa

N=TL - Serial/Parallel

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


http://www.fluent.com/

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
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7~ Software providers

2 AspenTech: Aspen Plus, Aspen Properties, Aspen
Hysys, COM Thermo, Distil

2 SimSci-ESSCOR: PRO/II

> PSE: gPROMS

2 Belsim, Infochem, ProSim, Dechema, RSI, HTRI,
Fluent, ...

Operating companies

2 IFP, Total, BASF, Shell...

Universities

2 INPT, UPC, RWTH.LPT, ChemSep, CMU...
Government agencies

s US EPA A |



CAPE-OPEN provides a “simple” way to:

Embed tailor-made unit operation models in
flowsheeting tools

Provide access to advanced thermodynamics within
tailor-made unit operation models

Encapsulate reaction packages for use within
flowsheeting tools




e
et ke sy

Michel Pons
Chief Technology Officer
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