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Introduction

Business case for Cape-Open Property Packages
Leverage existing property models: do what others cannot
Cutting edge technology: from published to implemented in weeks

Use without limitations: the same packages in all simulators

LEAN = As Fast / As Efficient / As Accurate / As Simple as can be
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Introduction

Can we do this with reactive electrolyte models?
— no standards specification (yet)

— use of true / apparent species (= potential for problems?)

Example:
at the flowsheet level: CO,, H,O

—

in the Property Package: CO,, H,0O, [ H*, OH", HCO, , CO; ]
(equilibrium changes with p, T, pH)
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Introduction

Time line

2013 Q3: CO-LaN sends out RFP for Consultancy Services
2013 Q4: CO-LaN agrees to support ChemSep proposal (80 hrs)
2014 delays due to unavailability UNISIM socket & resources
Feb 2015: started implementation by Jasper van Baten
Apr 2015: alpha version available, tested in COCO
May 2015:finally test socket for UNISIM R430 available
- Testing in target environment could finally commence
2015 Q3: CS/copp available online
2015 Q4: tests being finalized
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Implementation

Approach

Fortran DLL-wrapper for existing Fortran libraries (non-reentrant)
COPP C-wrapper (AmsterCHEM's COM CAPE-OPEN Wizard):

e copies Fortran DLL (to enable multiple parallel calls)

« copies configuration-file (same)

Adapt ChemSep GUI to define components & property models
(configuration in existing text-format)

Auto-generate species from apparent species & set of reactions
(reactions only known inside the property package)

lonic species after apparent species

Automatic back-conversion to apparent species
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Implementation

Features:

Pure component property intrinsic data:
casRegistryNumber, chemicalFormula, structureFormula,
SMILESformula, criticalTemperature, criticalPressure, ...

Temperature Dependent Properties (with derivatives):
idealGasEnthalpy

Mixture intensive properties (with derivatives):

Kvalue, FugacityCoeffient, LogKvalue,
LogFugacityCoeffient, Enthalpy, EnthalpyF,
Entropy, EntropyF, MolecularWeight

Mixture physical / transport properties:

Density, Volume, Viscosity, ThermalConductivity,
SurfaceTension, Diffusivities

Flash types: T-p, T-VF, p-VF, p-H, p-S, p-HF (more coming)
Both Cape-Open 1.0 and 1.1 Support

Support editing & persistence (IPersistStream + IPersistPropertyBag)
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Implementation

Messaging

Warnings / Errors written to logs

Debugging

Logs:

« ChemSep built in log (text dumps in temp folder)
« OATS and COLTT

Debuggers:

« GDB (not so sophisticated)
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Testing & Validation

Testing
Fortran DLL: direct calls with Fortran test program
C DLL: Streams in COCO for flash and properties

Unit Operations: Compressor, Pump, Valve, HXCH, Column in COCO
Commercial Software: PRO/II, UNISIM, ...
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Testing & Validation

Streams in COCO
[com-paocorfdn ]

@ File Edit Insert Flowsheet Plot View Add-ins Window Help

e AP EEARAY SBS&

test flash
and
properties

ChemSep (TM) (CAPE-OPEN) - Column

© | File Edit Check Analysis

Databanks Tools Help

B D [2]@ [ =] 7] £ || €| E EBIES| © | ] ee

f CAPE-OPEN  Tahles |
’f Title
-f Components
o Operation Select table: IStreams j W | Edit | Copy | Fant | Frint |
B+ Properties
: ~f Themac —
-’\fPhgspaI Stream Feedl V. Feedl L.Feedl Top Bottom |
----- ~ Reactior
of Feeds Pressure (bar) 0.0500000 0.0500000 0,0500000 0.0500000  0.G500000
| B+ Spechicatior Vapour fraction (-] 0.00508933 1.00000 0.000000 1.00000 0.000000
o Bralisis Temperature (C) 28,0494 28,0494 28,0494 28,4264 28,4264
: e Enthalpy (kJ/kmol) - 285491 - 275585 -285535
1 = Flash sp Entropy (J/kmol/K) 73481.5 224115 728088
B+ Results
Total molar flow (mol/s) 10,0000 0.0508933 9.94911  0.0444754 9, 95552
Urits Total mass flow (kg/s) 0.180410 0.00117534  0,179235 0.00105949  0.179350
Name I Shatus Edit Col . Vapour std.vol.flow (NCMD) 77,0621 98. 6471 86,2092
P°t‘: optians Liquid std.vol.flow (m3/h) 0.648124 0.647196 0.647614
...... - Paths
f PEEIEE) Mole flows (mol/s)
GlllArquments Water 9.99000  0.0409489 9.94905  0.0345416 9.95546
UseCOSEThemo Carbon dioxide 0.0100600 0.00994446 5.5542E-05 0.00993480 6.2928E-05
UseLOSEDiffusionCoefficients {OH-} 0.000000  ©0.000000  ©.000006  0.000000 1.8276E-10
[ UsePerturbedDernivativesOnly {H+} Q. a. a. a, 2, 2770E-06
SRR IsePerturbed_dd< {HCo3-} 0.000000  0.000000  0.000000  0,000000 2,2768E-06
Suppresswarnings {cos--} 0.000000  0.000000  0,000000  ©,000000 9,0703E-12 —
RelativePerturbationT emperat .
...... RelativePerturbationPressure Mole fractions (-)
...... FerturbationCompasiion water 0.999000  0.804602  0,999994  0.776628  0.999993
DR DuletFlash Carbon dioxide ©.00100000  0.195398 5.5826E-06  0.223372 6.3200E-06
UseOnigky aluesindE nthalp {OH-} 0.000000 0.000000  0.000000  ©.000000 1.8358E-11
RestarD atabwailable {H+} 0.000000  0.000000  0.000000  0.000000 2, 2871E-07
> {HCO3-} 0.000000  0.000000  0.000000  0.000000 2, 2869E-07
Sl et s {co3--} £.000000  0,000000  0.000000  0,000008 9,1108E-13
“wilzonE stimate
EEEE LogPropertyCalls Mass flows (kag/s)
------ R Water 0.179970 7.3769E-04  0,179232 6,2226E-04  0.179343
""" B | Carbon dioxide 4,4009E-04 4.3765E-04 2.4443E-06 4,3722E-04 2,7694E-06
= {OH-} 0. 0. 0. 0. 3.1G85E-12
{H+} 0. 0. 0. 0. 2. 2962E- 09
A {HCO3-} 0. g. g. . 1.3892E-07
--------------------------- {co3--} 0.000000  0.000000  0.000000  0.000000 5. 4429E-13
-
4] 3
*
| Converged 24 iterations | C:husershhampT emptCS_5URD.SEP AJ
| L |
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Testing & Validation

P RO/I I E} PRO/IIv9.3.2 - test-C2-C3-col_v31 481

i File Edit Input  Bun  OQutput Tools Draw View Options Window Help
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Distillation fe=bi

Ethane,
Propane,
nButane,
nPentane

= msc

_ FErE
=i 2] 255 TOMNDAY

= -+ S S
= ' =)

150BAR
54353 TOMMDAY

SIMSCI - Thermodynamic Data C2-C3 Property Package Properties ? X
Help Dverview  Status  Motes Vendor Info | Componernts | Themo Properties ] Phases ]
Selection of Property Calculation System —
Categary: Defined Spstems: Deseription |
ProglD : ChemsepCOPP.ThermaSystem. 1
Fost Commonly Used ~ SRKD g & ¥
Al Primary Methods Namel: lEhemSep
Equations of State Descnpno_n : ChemSep CAPE-OPEN 1.0 Themo System (o) Chemsep 2015, h...
Liquid Activity Capetfersion : 1 :U
Generalized Corelations Default System: Componentyersion : 1.0.0.0

WendorlIRL : http: /Avinan chemsep.com/

Special Packages
Electrolyte v Com k1 About: Copyright [C) ChemSep 2015

Actions for Selected Property Calculation Syztem

Wigw. | Delete Duplicate | Rename... |

Import Component and Thermodynamic: D ata from External Flowshest or Input File

I | |
0K, Cancel |

Select a thermadynamic property caloulation system
OK | Cancel
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Testing & Validation

UNISIM Design

%] <2-c5-2.usc - UniSim Design R430

File Edit Simulation Flowsheet Tools

Distillation

Window Help

EE=|

e TEallk T © oo A

Environment: Caze [bain]
Mode: Steady State

€ PFD - Case (Main)

HHe Hid cAs7 @l

T specification

Ethane,
Propane,
nButane,
nPentane

VL'/-100

[=]E]rE=]

@ Default Colour Scheme -

" Column: T-100 / COLL Fluid Pkg: debug C2-C5-1 / COMPropertyPkg [=&E]==]
Design rOptional Check : — - ictl= _ Tempersture . Tray Postion from Top
Connections [ Input Summary ][ Wiew Initial E stimates... ] o I —

Monitor Step E quiibrium Heat / Spec 0 i
Spece 1 0.0001 0.000156 0.000338 000
2| 1.0000 0.000129 0.000264 —mlC
Specs Summary 3 1.0000 0.000004 0.000036 T
Subcaaling fotns = T
Motes -
—Specification:
Specified alue Current W alue it Error Active | Estimate| Current
Rieflux Fatio 2000 200 00000 = ¥
Reflux Rate <emphys 0.224 <empys m v wl
Bt Prod Rate 01000 kamalesh 9.33e-002 00667 | [ v ol
Distillate R ate <emphys 0112 <empys m v wl
Temperature E510C E5.1 -0.0000 | W v ¥
[ Wiew... ] [ Add Spec... ] [ Group Active ] [Upgatelnactive] [ Order Specs ] Degrees of Freedom ID
-
Designl Parameters I Side Ops IHating I ‘worksheet I Performance I Flowshest I Reactions I Diynamics IEost]
[ Delete ] [ Column Enviranment.. ] [ Run ] [ Fieset ]_Update Outlets [~ lgnored

Size: 0.0001 -
Iter: 2z Egm Error: 0.0001Z% Heat/Spec Error: 0.000284 Step
Size: 1.0000
Iter: 3 Egm Error: 0.000004 Heat/Spec Error: 0.000038 Step —
Size: 1.0000 |_|
Column Flowsheet T-100 Converged 57

[a

|| Balance Tool ||
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Case Stories

Safety in Air Separation Units / PPR78
Tracking impurities in MEG plants / PSRK
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Air Separation Unit / PPR78

Safety assessments of ASU's

Failure of the adsorption Pre-Purification Units (PPU) in Shell GTL

plant at Bintulu to remove light hydrocarbons from haze particle
desorption:

Component Amount removed by PPU

Methane 0%

Ethane 30-70%
Ethylene 30-70%
Propane 30-70%

Nitric Oxide 30-100%

Determine intake limits on Ethane & Propane to remain below
recommended 450 ppm Methane equivalent in the O, reboiler

Use 25 August 2015 extension of the Predictive Peng-Robinson

CO-LaN AGM, Amsterdam, October 2015
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http://www.airproducts.com/~/media/downloads/white-papers/A/en-air-separation-unit-reboiler-condenser-safety-whitepaper.pdf
http://pubs.acs.org/doi/10.1021/acs.iecr.5b02639

Air Separation Unit / PPR78

ASU simulation, replace existing property pack with CS/copp

8640 t/d C R@ >_N /|\ g =
------- L e =R
~ HPC T
Cond-ARC ARC 28 t/d A
) §/< 5 Iz:
f \_/
_
@ || Y 98.5% 02
H @ A i;% W—eam-

PPR78 provides similar solution as PR with specially tuned BIP's
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Air Separation Unit / PPR78

Added Ethane & Propane traces and check limit values

35 ppm C,
23 ppm C;
8640 t/d

Considerable build-up observed

A1

| 0 2
) @
IT-N2 | LpC
Expander /I@
© _________ _m_,
Cond-ARC ARC
28 t/d Ar
JT-RL ( N é
| m—
N\
""""" 98.5% 02
i%‘ W—eam-
223 ppm C,
146 ppm C;
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Air Separation Unit / PPR78

Is this build-up dependent on plant operation?

35 ppm C,

23 ppm C;m_@ @ N
8e40td | U e
| \Vaste g
ﬁ—.@ Egder ' ; . i m
'T:L -:rondjl::;r 114 t/d Ar
: =L ]| * :

S =t
e

&

Hg\/__ " & -

223 ppm C, 230 ppm C,
146 ppm C; 151 ppm G,

Argon production not much of influence
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Air Separation Unit / PPR78

Is this build-up dependent on plant operation?

35 ppm C,
23 ppm C;
8640 t/d

. .—__\ é | 14 t/d Ar

---------------- 99.5% O,
N % V) —am-

223 ppm C, 230 ppm C, 240 ppm C,
146 ppm C; 151 ppm C; 159 ppm G,

A O—LO—L)
%5 Of
W
%

Fluctuations in Oxygen product purity can lead to higher build-up
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Air Separation Unit / PPR78

Take Away

CS/copp handles compressors, expanders, HXCH, and distillation
New enhanced-PPR78 method available in matter of week(s)

Enhanced-PPR78 can describe non-ideal cryogenic O, / Ar

Quick assessment of light HC traces possible with e-PPR78

Note:

Stronger build-up when gaseous Oxygen produced

Trace levels < 1ppm with online (FTIR) measurement
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Tracking impurities in MEG / PSRK

Nonideal thermo for trace impurities

Air ingress in vacuum columns oxidizes MEG to e.g. Acetic Acid

Py
v
Mass fraction EQ
Dehydratar
Recycled Water Cone-t Conc3
ﬂ-i_,'—liﬂﬂ' IEm-
ey F #
IECR48p10840 @ @ MEG
o Giycolsgy MEG Recyele
Copyright (e) 2015 wwwn.ch arg _E
DEG
== =
Stream Raw EQ Rin Rout Conci Conc2 Conc3 ‘Waterd Glycols MEG DEG TEG TTEG+ Unit
Pressure 35 35 34.0007 14 [ 4 0.15 0.17 0.201538 0.01 0.01 0.015 bar
Temperature 25 170 218.452 107.532 170.267 156.033 53.7686 140.14 148,528 124.75 154,885 174.084 o
Flow rate 110000 547518 547516 383334 250000 110000 405418 00220.9 63683.4 5404.84 283 558 15.0174 kg /h
Wass frac Water 0.545455 0.90887 0873153 0.818833 0722214 0.36887 0.999968 0.00284358 0.00020899 0 0 0
Wass frac Monoethylene glyeol 0 6.06482-06 0.1183 0.1686104 0.254880 0.578837 3.178420-05 0.032057 0.000791 2.770562-05 1.12604e-13 8.4135e-23
Iass frac Diethylene glycol [ 6.50302e-13 0.010017 0.0143072 0.0219378 0.0408586 2.31788e-13 0.0607088 1.05083-11 0.008050 0.00104047 4.40624e-08
Mass frac Triethylene glycal [ 1.228738-11 0.000510402 0.000729008] 0.00111781 0.00254048 2.06742e-11 0.00328728 1.16382-07 0.00191308 0.004401 0.430048
Mass frac Tetragthylene glycal [ 1.33882e-13 1.8738e-05 2.678352-05 4.10374e-05 9.32687-05 2.84818e-15 0.00011371 1.83873e-18 1.15358e-08 0.00455853 0.569052
Wass frac Acetic acid 0 0 0 0 [ 0 0 0 0 0 0 0
Wass frac Bhylene oxide 0.454545 0.0013227 1.0583-08 7.24047¢-00 2.18055e-11 8.41275e-15 1.73005e-14 4.00018e-25 0 0 0 0
‘Wapor phase
Molecularieight [ [ [ [ [ [ [ [ [ [ [ 150263 [ 188.268 [-
Liquid phase
Malecularieight [ 248320 [ 10043 [ 108258 [ w7173 [ 22518 [ 330278 [ Boss [ e3asm [ B2t [ 108178 [ [ 188.838 [-
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Tracking impurities in MEG / PSRK

Replaced existing package with Predictive-SRK (PSRK)
Added trace Acetic Acid (AA) and see where it builds up / leaves

L
o/
2.4e-5
i Dehydrator
Recycled Water i Cane-1 Cone-2 Cone-3 AA 1 .2e_5
m1_,'—m'
Glycol Reactor # #
| 48p10240 E E MEG

Copyright {c¢) 2015 www.ch arg
DEG
g DEG+
TEG =
A
Stream Raw EO Rin Rout Conci Conc2 Conc3 ‘Waterd Glycols MEG DEG TEG TTEG+ Unit
Pressura 35 35 34.0007 14 0 4 0.15 0.17 0.201538 0.01 0.01 0.015 bar
Temperature 25 170 218.462 197 532 179.267 156.933 53.7885 140.14 148 526 124.75 154.885 174.085 C
Flow rate 110000 547515 547515 383334 250000 110000 40542.3 902307 63883.9 5495.1 283,571 15.9185 kg /h
Iass frac Water 0.545455 0.90867 0.873153 0.818833 0722214 0.36867 1 0999956 0.00284357 0.00020899 0 0 [
Iass frac Monaethylene glycol [ 6.064842-06 0.1183 0168103 0.254488 0.578834 3.17857e-05 0.932054 0.999791 2.77041e-05 1.12498e-13 7.907 16e-19
Wass frac Diethylene glycol ] 6.50344e-13 0.010017 0.0143070 0.0219380 0.04088 1 2.31782e-13 0.0608012 1.05087e-11 0.098059 0.00104046 4.40571e-08
Iass frac Triethylene glycol ] 1.22685¢-11 0000510403 0.000720084| 0.00111701 0.0025407 2.06746e-11 0.00328742 1.16386e-07 0.00191306 0.004401 0.430007
Iass frac Tetrasthylene glycol ] 1.33001e-13 1.8738e-05 2 6767205 4.104282-05 0.32780e-05 28481e-15 0.000113724) 1.83807e-18 1.15386e-08 000455855 0.560003
Wass frac Acetic acid ] ] ] [ ] ] 1.232272-05 6.16584e-08 6.38012-00 ] ] [
Iass frac Bhylene oxide 0.454545 0.0013227 1.05620-08 7.25142e-00 2.18114e-11 .41462-15 17404214 1.052562-24 ] ] ] [
“Wapor phase
IialeculariWeight [ [ [ [ [ [ [ [ [ [ [ 150283 [ [-
Liquid phase
MoleculariVeight [ 24830 [ 1904 [ 10m258 [ 207173 [ 225188 [ 330218 [ 18niss [ s33534 [ s20m1 [ 10178 [ [ 188888 [-
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Tracking impurities in MEG / PSRK

Take Away
CS/copp handles reactors and recycles with no performance loss

PSRK allows for quick assessment of oxygenates in MEG process
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Conclusions & Outlook

CS/copp:
Available in ChemSep v7 since Q3/2015
No observed performance losses

Free download in ChemSep LITE http://www.chemsep.com/
(does not include electrolytes)

Outlook:

Integration with reaction standard specification
Improve speed & robustness

More flash types

CO-LaN AGM, Amsterdam, October 2015
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http://www.chemsep.com/

Questions?
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Backup-Slide

Electrolyte specification:

« Set of species dependent on the selected apparent species
AND selected set(s) of reaction packages

 Not always all species desired everywhere

« Equilibrium and rates to be stored separately / independently
per reaction

CO-LaN AGM, Amsterdam, October 2015
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Backup-Slide

Feedback: selection/definition of packages in various software (e.q.
UNISIM Design) needs to be simplified

%] c2-c5-2.usc - UniSim Design R430 (== [=]
File Edit Basis Tools Window Help

PRI

4 Simulation Basis Manager (== |[£2]
—Current Fluid Package: Flowsheet - Fluid Pkg Aszociation
[ Flowsheet [ FhidPkgTolse |
1l Case [Main] | debug C2C51 |
@ Fluid Package: debug C2-C5-1 [==]==]
~Model Selection —tadel Option
<hane> o eI o Property Method o
Antoine () Wapor @ Liquid | ExtendedProperty | eThermao CAFE-OFEN 1
urn EI Enthalpy CAPE-OPEM Enthalpy
L Entropy CAPE-OPEM Entropy
Chign-Mull Fut dmIQFel aﬁ I T T = )
i stendedFlas
EESFO‘%FQQSH 1] BExtended Prop Package Setup
Etendad Wilson Extended Flash Setup... r
EvPla Extondod PropPhg e ||| L ChemSep (TWh - COPP_2-1.5¢ =E=]EE]
e Gereral NATL ~ | [Extended PropPkg Setup.. = .
i File Edit Databanks Tools Help
Corn CAPE-OPEM 1.0 Package
— . - b |2« |x[st]iT] e || €| ][] © | ~|w|
E LComponent List Selection = ~Eh i - |J v
i ermodynamics Physzical ti Fieacti
’7 CanpenE s -2 - E 7 Components wsical properties | eactions |

Select Thermodynamic Model |

E|f Praperties rEnthalpy / Exergy

;
Set U Parameters | Parameters2 | Binary Coeffs " Thermodynarnic: [T Henry's law components
pI 171 : -~ Physical properti K-value EDS - Reference state IVapour vl 2981 (k)
Delete Mame debug C2-C5-1 Praperty f Reactions

Units Equation of state ISDave-HK 'l Heat of formation IEchuded vl
olve options

Paths Activity coefficient | v[ Surroundings T |298.1 50 (k)

Wapour pressure lﬁ Heat Capacity I1G Im

Enthalpy lm Heat Capacity L IW

Select Thermodynamic Model p ters [when required)
Soave-RE |

Feset | i- ki
Ethane - Propane
= Load | Ethane - nButane "
Ethane - n-Pentan *
Save | Propane - nButane *
Propane - n-Pentan *
Carrelation | hButane - n-Pentan *

4 L} 3
Holding... I | Saved | Not converged | CAUsers\HARRY ™1 KOO'AppD atahLocalhTemp\COPP_2~1.5EP 4
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