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Introduction

» Overview of COCO software components

» Overview of how this fits in to CAPE-OPEN framework
» Some details on implemented algorithms

» Interoperability demonstration

» Benefits of having COCO on your computer
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CAPE-OPEN to CAPE-OPEN (COCO):

Simulation environment (COFE)

‘ Thermodynamic property package (TEA)

/)

ﬂ Collection of unit operations (COUSCOUS)

@ Reaction package (CORN)
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0 overall process model (COFE)

3rd party sub
models
(CAPE-OPEN)
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Thermo models

@ overall process model (COFE)

© -

I

3rd party thermo

models
(CAPE-OPEN)

3rd party thermo

models
(CAPE-OPEN)

Unit operation models

3rd party unit
models
(CAPE-OPEN)

@COUSCOUS

Reaction models

@ CORN
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COFE: CAPE-OPEN Flowsheeting Environment

reactar o

g =3

Logging

Editing streams

% COFE - sample3packs.fsd = ﬂ
Fil: Edit Insert Flowsheet Plob View ‘Window Help
DSE&E | B@ iy 2w lranrdles

pleap d:2 [Co 0 =S

| Graphing

170

160

—»¢— BubblePointTemperature, stream "TEA_IN"
—+—— DewFointTemperature, stream "TEA_IN"

Temperaiure i K
g

——+—— BubbleFointTemperature, stream "MF_IN"
DewPointTemperatura, straam "MF_IN"

—H&— BubblePointTemperature, stream "PPDS_IN"
CewPointTemperature, stream "PPDS_IN"

130

120

=

malar phaseFraction [Liquid]
l-__apor composition

hame | TEA_OUT | PPOS_OUT | MF_ouT [wnit |
I Sheam

I Connections

s Overal
pressure 1 1 1 bar
temperature 175.16176 175.17004 175.19911 S
mole fraction [Methane] 0.4 0.4 0.4
male fraction [Ethane] 0.6 0.6 0.6
o 1 1 1 mal /5
hfaf 24,4592 24.4592 24,4592 a/ mal
v Phase Fractions
molar phazeFraction [Vapor] 0.99405972 0.99343065 0.99370008

0.0059402761 0.0065693453 0.0062999214

b Liguid compogition

b Overall properties

‘Yapor properties

I Liguid properties

Streams view
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. '\ COFE: CAPE-OPEN Flowsheeting Environment

» Breaking recycles by automatic tearing

» Solving recycles by hybrid Newton / Wegstein
approach, using reparameterization

» Support for multiple material types, with selection for
thermo and sub-set of compounds

» Material, energy and information streams
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 Pure compound data library
(extendible, or use DIPPR)

» 100+ Property calculation methods
(25+ different properties)

e Property derivatives
e Support of external property

calculation routines and external
equilibrium servers

. TEA: Thermodynamics for Engineering Applications

% Property pack definition: X
Property Calculations | Interaction Parameters I Group Contributions
General Compounds E quilibrium I External Routines
Mame | Fomula | M/ | cas fidd
Hypdrogen HZ 201588 1333740
tethans CH4 16.0428 74828 Delete |
Benzene CEHE A6 F1-43:2
Toluene CyHE 921405 103-88-3 Edit |
Bipheryl C12H10 1584211 32524
U
. I
% Add components:
— PCD File:
IC: “Program FileshCOCO 4 datahDefaulComponentLib. ped Browse
— Compound selection:
[WE | Faormula | ol *eight | CAS |A
Air 28.9505 132253-10-0 _
Argon Y 39.5948 7440-371
4 I Bromine Brz 1549.808 Tr2E-95-6
Carbon tetrachlornid CClH 153.822 5E-23-5
Carbon monoside co 28.0104 £20-03-0
Help Carbon dioxide coz2 44,0093 124-38-3
— Carbon disuliide Cs2 76.143 75-150
Phosgene Cociz 98.9158 75-44.5
Trichloroacetyl chiorid C20C 181.832 TE-02-8
Hydrogen chloride HCI 36.4606 7E47-01-0
Chlorine Cl2 ¥0.3054 Fra2-60-5
Hydrogen iodid HI 127.912 10034-85-2 =
Hypelee, u 2 1RO 1222740
) [ | ¥
Filter by: I

oK I Cancel

Thermodynamic models and compounds from ChemSep



am stercHEM e 1

tailor-made engineering software so

§ TEA: Thermodynamics for Engineering Applications

VLE equilibrium calculations
» Large diversity of supported flash specifications
» Inside-out approach
» Post-checking of solution (since version 1.09)

» Back-up full Newton approach
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— O O
Heater Cooler 14 >
Compound Splitte

L T < e O

Valve
StreamConverter Mixer Splitter Compressor
A
1 \

= < O

L

Heat Exchanger |—> ) , ’ Flash
I Fixed Conversion Reactor as
I_, Equilibrium Reactor

[ —
N .

Expander Pump

________ [\_»—»’?—b
N PAND, _/

Property Tester

C Turbine Solid Separator No Operation

3-phase Flash

L,

ChemSep Column Model
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g COCO Simulation environment

o

Hide Back

Frint  Options

=10l x|

COFE: OLE and Excel

B Microsoft Excel - Flowsheet in COFE.xlE

" Fle Edit Insert Flowshest Yiew Window Help

|k | E| E- by 2 ||vdefau|t

Lontents | Index |

|£] coco
[Z] COFE
B2 TEA
@ Property packs and property pack |
(2 Compounds
= £3 Property calculations
[Z Equations of state
Achivity
Bubble and dew points
Drensity, volume and compressi

Molecular weight
=] Surface tension
[E] Thermal conductivity
Wapor pressure
5] Wizcosity
[£] Symbals
[£] Equilibium Calculations
@ Property pack options
(3 Couscous
[Z CORN
[Z1 ChemSep
(2 CosmaTherm
(2 Utiity applications
Disclaimer

1 ] B

| v

Enthalpy
Ideal

In this model the enthalpy is computed from the ideal gas
contribution:

T

CpidT

HXI = ZX:' Hir. +
i Teuy

Faor liquids, the latent heat of vaporization is subtracted from the ideal
gas contribution:

H;lr:i = Ht‘; - Z XiAH‘wnp,i
i

Excess

This model includes the ideal enthalpy as above. In addition to that,
excess enthalpy is included:

H =Hig+ He:

EOS

This model includes the ideal vapor enthalpy as above. In addition to
that, the temperature derivative of the fugacity coefficients from the
selected equation of state is substracted from the ideal part:

9ln(¢y)
_gv_ ZE: :
H=H ;- RT ‘_ X; 3

ONLINE HELP | =

Fressur

|I< 4 » M[\Flowsheet calculate properties example calculate equilibrium example

Ready

access unit operations example

access skreams example

UM P
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COFE: OLE and Excel

3 Microsoft Excel - COFE.xls = e 1

FORMULA

E_] File Edt Wiew Insert Format Tools Data  Window COFE  Help  Adobe PDF Type a guestion

D EHR SR I VEHE &R ¥ .| @ E -4| 2 _|‘||£|wlm --tJlElAIIaI hTJ B 7 U

UM + X /[ | =COFE_ObhtainProperty{B43,C43,$E$14:$E$23,$F$12,$C%$30,3C4$28, "mixture",$C$29)
[ © [ o[ E [ F [ & [ A [ 1 [ 3 [ ® [ L [ ™M ] W|ZARD
EXC E L corposition for property calculation below
default compound count: bl basis: male (COFE_ChbtainProperty =

mes P [ ZE | - {10000 =

14 default compounds: Hydrogen 02 o

|15 | Methane 0.2 T|C43 j"]_ o2

EE Benzene 02 Composition [$£414:5E423 i ={0.z020.2020.:
| 17 | Toluene 02 positi i |$F$12 j_] = "male"

bl Bipheny] 02 PropertyName |$C$30 j‘_] = "density"

(19 hd
|20 | = {35.07139507 6858}

| 21 | Mo help available.

| 22|
| 23 |

24 P
| 25 property calculations: | (the example shows a scalar propenty; fugacity for example will return

26 (for a list of properties, see the Properties' page when choosing Conf
[ o7 Formula resul: = 3.507E+01
| 28 | phase wapar Help an this function ||
129 | basis rmole LEEII
130 property density 5.000E+02
|31 4.500E+02 +

Ea FiPa TIK mol / m? b
33 1.00E+05 100 4.590E-+02 40008+ 02 |
| 34 1.00E+H15 125 1.991E+02 3.500E+02

| 36 | 1.00E+HI5 1500 1.019E+02 3.000E+02 \

36 1.00E+H15 175 7.940E+1 \
Ed 1.00E+05 200 B.629E+01 2200 . Ll
| 38 | 1.00E+HI4 225| 5H732EHN 2.000E+02
| 39 | 1.00E+HIA 250 5.085E+11 1.500E+02 \

40 | 1.00E+H15 275 4552E+01 P—— \
| 41 1.00E+HIA 3000 4.137E+HDT : \M—
| 42 | 1.00E+H15 326 3.795E+01 5.000E-+01 —————

43 1.00E+15 350)e" 80820 | 0.00DE+00
ﬂ o a0 100 150 200 250 300 350 400
% TIK]
E compound constant example:
4B | (for a list of available compound constants, see CAPE OPEN thermodynamic specification)

49
E hame moleculareight criticalPressure criticalTemperature
|51 | compound Hydrogen Hydrogen Methane
| 52 | value 2.01588 1313000 190.56
| 53 | dimension - Fa 8

a4

M4 MYy calculate properties example § calculate equiibrium example £ access unit operations example £ access streams example /

Draw ™ AutoShapes WO E d: B @8| - . C—

—.—*ﬂljg

Edit UM s
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\ COCO: CAPE-OPEN interface support

» Full support for thermodynamic standard versions 1.0
and 1.1 in all components

» Unit operation sockets & plugs (steady state)
» Reaction package sockets & plugs
» Full support for all COSE interfaces

» All common interfaces (identification, error handling,
utilities, parameters with dimensionality, persistence, ...)
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i COFE - [h53J f=d]

COCO stand-alone
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Simul.apw - Aspen Plus 20041 - aspenONE - [Process Howsheet Window =il
- Vi Data Tools Ru Flowsheet b Wind Hel ] .Smula)w - Aspen Plus 2004 .1 - aspenONE - [Block B1 (Hash3) Stream Results - Data Browser] M=]E3
e few Tela Toos un row rery Tindow Help ) He Edt View Data Tools Run Plot Lbmy Window Help -5 ]
= el w2l | = = . = ——— T = :
D|=(E| SR =@ [l w| [ olslw| 8lr| =8| ¥ | pltlmlslele] » @ o] [w] =] Bl @ g
= o | a|@|FE-| =42 \
| Stream Results j I%jg I j cjl*l ﬁ“AII 'lﬁl l_l|@| gl &I
[]----m Setup M aterial | Heat | LLaad | e B = | A | Bty Eurves | Bl Eurves
E-{3 Components
H-{3# Properies
E-{3 Fowshest L Iﬁ
G @A Streams Dizplay: n Format: |FLILL Stream Tablel
. ------ £ tilities
2 o
- o8 o | E— | E— | —
! WATER .Fo0aooa oo 2134422 4865578 ;I
nput
Heurves M-EU-1 .3000000 oo .273306E 0206934
@ & Dynamic Total Flow kmal/sec 1.000000 oo 4927488 5072512
III g';::nsmm”s Total Flow ka/sec 464754 ] 74 54521 10.23933
EO Variables Tatal Flaw cumdsec (0365687 0.0 030741 010802
EQ Input Temperature K 333.1500 333.1500 333.1500
g":c Groups Fressuie M/sqm 10000CE+5  |1.0000CE+5  [1.0000CE+5  [1.00000E+G ||
orts
Stream Results apor Frac 0o 0o 0o
E-{Z] Reactions Liquid Frac 1.000000 1.000000 1.000000
- Convergance Gold Frac o0 o0 o0
BE-{Z] Fowshesting Options
-0 Model Anaysis Toos Enthalpy J7kmol ETETIERT SOMTESE  [28534E 48
H-{3 EO Corfiguration Enthalpy J kg -1.1941E+E 6. 111EE+E -1.4053E+7
-3 Results Summary Enthalpy Watt A TETIE+T TEQ03E+E |1 4474E+5
LI Entropy J Akmal-K. 1.16881E+5 -3.E773E+E -1.7179E+5
I H Mixers/Splitters | Separators I Heat Exchangers I Calumns I Reactors Preszure Ch [ At SRR T2 D
Crensity kmal/cum 27.34577 16.33015 4577983 _I
. - b b - ﬂ_l ﬂ
I aterial
STRE&MS I ixer FSplit SSplit
[Rurining simulation. |C\nDocs\Cosmo_Water_Buta
Results Available
IT Mixzers/Splitters | Separators Heat Exchangers Columnz | Reactors Fressure Changers I anipulators I Solids 4 I 4
I aterial v‘ D e e e
STRE&MS Mixer F5plit S5plit

|For Help, press F1

[C:\. nDocs'\Cosmo_Water_Butancl Results Available .z

Three-phase AspenPlus flash using TEA + CosmoTherm
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PRO/II with PROVISION - CSTest81 =101x]
File Edit Input Output Tools Draw Wiew Opkions Window Help
= i i 4 ; . == Ry =
EESAE B o] 21 e 538 G2 B -G = =8 N » o[ H]7E B[summayRepot ] TL) 3 B 100 & H 2 K2
El Flowsheet
= = = ma_ﬂ
=
Stream Mame 51 52 s2 Stream Mame S1MIK S2MIK S3MIK
Thermodynamic system SRKEM SRKEM SRKEM Thermodynsmic system SRKO SRKO SRKO
Phaze Liquid Liquid Liquid Phaze Licjuiicd Licjuiict Licjuiict
Temperature F 100.000 100.000 97.050 Temperature F 100.000 100.000 97.050
Fressure PSlA 100.000 100.000 100.000 Pressure Psl, 100.000 100.000 100.000
Flowrate LB-MOLHR 50.000 50.000 100.000 Flowrate LB-MOLHR 50,000 50,000 100,000
Total Enthalpy Mt BTUHR 0.115 0.123 0.244 Total Enthalpy bt BTLHR 0116 0128 0.244
Total Malar Comp. Fractions Total Molar Comp. Fractions
HNCG 1.0000 0.0000 0.5000 MC4 1.0000 0.0000 0.5000
NCS 0.0000 1.0000 0.5000 MCS 0.0000 1.0000 0.5000
Kl |

Pro/ll showing internal and COUSCOUS mixer
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i [

SIMSCI - Therm e 3 ....::_:r. e

Ok Hange Help Owverview  Status Motes T
: : L | |!
~ Selection of Property Calculation System
Cateqaony: Prirrary b ethyiod! Defined Systems:
Liquid Activiby -

Generalized Caorelations
Special Packages
Electralyte

Folprmers

Uzer-added Methods

SREOT
bdd > | F—‘

Crefault Sypstem:

Y

M

~Actions for Selected Property Calculation Sostem

PRO/II - Select Property ParJ-:_'

Wig,. I Delete _|
El CAPE-OFEM Thermo Systems
. [ PPD5.CapeThermaSysten. 1
0K - MFCOThemoSys MFCOS s
E ATCOProperties. COPropertySuztem. 4
Select a thermodynamic system categany =8 COCO.TEA, ThemoPack. 1
=t  #WMGT hermaCO. ThermoSystemn. 1
- CAPE-OPEM Thermo Property Packages
Stream Hame ] Stream Mame
Thermodynamic system 1 Thermocdynarmic:
Fhaze d FPhasze
Temperatura f 8]
Fressure f 0K I Cancel [u] ;?;]:;irrjure
Flowrate L [u} Flovwvrate
Total Enthalpy bkt BTUSHR 0116 0.12g 0.244 Tatal Erthalpy
Tatal Maolar Comp. Fractions Total Molar Comp
NS 1.0000 0.0000 0.5000 R
NCS 0.0000 1.0000 0.5000 NS

Pro/ll using TEA
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® COFE - [PetroFluid_MF11modMP]

E. Eile Edit Insert Flowshest Blot Yiew Window Help E, x
D& =@ U b P Y=

Solve finished l_ LM

IFP/TOTAL TINA pipe model running in COFE
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\ Why COCO?

» COCO integrates a useful set of thermodynamic property
calculations, compound information and unit operation
models

» COCO has been awarded the CO-LaN CAPE-OPEN
award 2006

» COCO is widely regarded as the CAPE-OPEN
Interoperability testing platform

» COCO is available free of charge
» COCO is used world-wide
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COCO downloads
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COCO downloads per capita
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> Download COCO: http://www.cocosimulator.org/
(or ask for a copy during the workshop)

» Contact amstercHeM for CAPE-OPEN consulting

» Interoperability testing program:
http://www.cocosimulator.org/index_compliancy.html

Acknowledgements:
* Richard Baur
» ChemSep: Ross Taylor, Harry Kooijman
 CosmoTHERM: Frank Eckert
* Michel Pons
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Many Thanks for CAPE OPEN testing licenses:

AspenTech: AspenPlus 2004.1
ChemSep: ChemSep 6.05

CosmoLogic: Cosmotherm C21

HTRI: Xchanger Suite 5.0 HTM

4@ Infochem: Multiflash 3.6
PSE: gPROMS 3.0.3 PROMS

CaTT e Simsci-Esscor: PRO/II 8.1

TUV-NEL: PPDS v4.1.0.0 ’

VMG: VMGThermo 5.0

VGThermo



