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> Luyben's Flowsheets
» Introduction to COCO
» What is CAPE-OPEN?
» Example flowsheets

> Lessons learned
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Luyben's Flowsheets

Design and Control of PRINCIPLES
Distillation Design [ Reactive Distillation Distillation Systems for ik o
and Control Using [l§ Pesign and Control Separating Azeotropes SIMULTANEOUS DESIGN

Williom L Luyber WILLIAM L. LUYBEN

{.".bﬂg-f:b.fng W

Aspen Simulation

WILLEGM L. LUTSEN
ki AlChE SWILEY AIChEp:

2006 2008 2010 2011




amstercHEm

tailor-made engineering softwa

Luyben's Flowsheets

» Class D: Distillation Only
* Columns, heat exchangers, recycle
* NO (separate) reactors

> Class C: Complicated Flowsheets
* Columns, heat exchangers, recycle
* Chemical reactors

* Other unit operations
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Luyben's Flowsheets

» Class D: Distillation Only
* Pressure Swing Azeotropic Distillation
* Extractive Distillation
* Heterogeneous Binary/Ternary Azeotropes
* Reactive Distillation
> Class C: Complicated Flowsheets
* Cumene Process

* Butyl Acetate Process

* Ethanol — Water with membrane unit



amstercHEm

tailor-made engineering softwa

Luyben's Flowsheets (with Aspen Simulation)

» Analysis

> Steady State Design
> Optimization

> Process Dynamics

» Control
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Luyben's Flowsheets with COCO

> Analysis

> Steady State Design
> Optimization

> PreeessDynamies
» Central
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COFE: CAPE-OPEN Flowsheeting Environment
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I Connections
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pressure 1 1 1 bar
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male fraction [Methane] 0.4 0.4 0.4
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flc 1 1 1 mol £ 5
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Introduction to COCO:

Simulation environment (COFE)

Thermodynamic property package (TEA)

Collection of unit operations (COUSCOUS)

Reaction package (CORN)

Download COCO: http://www.cocosimulator.org/
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Flowsheeting engines
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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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built-in
sub models

3rd party sub
models
(CAPE-OPEN)

overall process model

I

M

user sub models
(non CAPE-OPEN)
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Simulation environment process space
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TEA: Thermodynamics for Engineering Applications

Property Calculations | Interaction Parameters I Group Contributions
° P u re co m po u n d d ata I i b ra ry General Compaunds | E quilibriurn I External Routines
. Name | Farmula | b | cas ficdd
Hyd H2 201588 1333-74-0
(eXte n d I b Ie ) o r u se D I P P R) Mitﬁaizn CH4 16.0428 74-32-8 Delete |
Benzene CEHE TRI13E 71-43-2
Tal C7HE 92,1405 108-88-3 Edit |
E;E::jl C12H10 154.211 92.52-4
= p
* 100+ Property calculation methods —
. .
(25+ different properties)
IC:\F‘rogramFiIes'\CDCD\data\DefauItComponentLib.pcd Browse |
— Compound selection:
o P rt d . t. Name | Formula | Malwieight | cas | ill
roperty aerivatives roen n Be Ta0Ed
Bromi . -5
LI— C:aorg:;r;etetlachloride EIEZL‘@ :Ilggggg ;g-z283-955 ®
Carboh monoside co 28.0104 £20-08-0
P Pt 2 %13 75150
* Support of external property L | Bt O
Trichloroacetyl chloride Cz0cl4 181.832 76-02-8
= = Hydrogen chloride HCI 364606 7E47-01-0
calculation routines and external Clowe
Hydrogen indide HI 127912 10034-85-2 -
- - - TI Armmzien H2 2 N1Ra0 122372.74.0 I 5 I_I
equilibrium servers |
Filter by:

Ok I Cancel |
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COUSCOUS: Simple unit operations

A,Z_,
Expander Pump Heater Cooler
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L ----- X —
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l _/ _/ ChemSep Column Model
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Heat Exchanger Flash

Equilibrium Reactor Fixed Conversion Reactor

@;J*:%:ﬂ ------- - XD
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l Flow contraint
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CORN: CAPE-OPENReaction Package

* Create reaction package
* Define or import compounds
* Define reactions with stoichiometry
* Define reaction rates (or use Wizard) or equilibrium constant
* Define reaction phase
* Insert reaction package into simulation

* Assign reaction package to reactor unit operation ~

©
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Who/What is CAPE-OPEN?

CO LaN

CPI Software vendors

Academic institutions Other members

The CAPE-OPEN standard is the de facto standard for interfacing
process modelling software components for use in the design and
operation of chemical processes. It is based on universally recognised
software technologies, such as COM and CORBA. The CO standard is
open, multi-platform, uniform and available free of charge.
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Luyben's Flowsheets

> Pressure Swing Distillation of Acetone — Methanol

> Butanol / Water Separation

» THF | Water Separation with Heat Integration

» Cumene Process

» Column / Pervaporation Membrane Process (Ethanol / Water)
> Methanol from Syngas

> Butyl Acetate

» BTX Divided-Wall Column
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Pressure Swing Distillation of Acetone-Methanol
Ind. Eng. Chem. Res. (2008) 47 pp. 26962707
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Butanol / Water Separation

Design and Control of Distillation Systems for Separating Azeotropes (2010) / Enerqy Fuels (2008) 22 pp. 4249-4258
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THF / Water Separation with Heat Integration

Design and Control of Distillation Systems for Separating Azeotropes / Ind. Eng. Chem. Res. (2008) 47 pp. 2681-2695
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6 29MW

-B.8 MW
1.1 bar

280 krmolhl - RR=0.7

FR =254

2000 kmalfh |
Feed p— ----- XThe= 10°°
Ap=084 A ._. j.

1880 kol

120 krmalh




amstercHeEm

tailor-made engineering software solutions

Cumene Process
Ind. Eng. Chem. Res. (2010) 49 pp. 719-734
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Column/Pervaporation Process for Separating Ethanol/Water

Ind. Eng. Chem. Res. (2009) 48 pp. 3484-3495
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Methanol from Syngas
Ind. Eng. Chem. Res. (2010) 49 pp. 6150-6163
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0.0023 HzO 173.8°C
107 bar '@
3J8°C
_28 9 41400 106.5 bar
1 bar 110 bar 1132 My
37365 kmolfh @ 2 08
.3 L Vent
Methanol B4.1°C # N (S B — E-ﬂﬁﬂég II'_{|I"I"|III|.-r
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Butyl Acetate

Ind. Eng. Chem. Res. 2004, 43, 8014-8025 Ind. Eng. Chem. Res. 2011, 50, 1247-1263
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BTX Divided-Wall Column

Ind. Eng. Chem. Res. (2009) 48 pp. 6034—-6049
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More Flowsheets

> Ethyl Benzene (A/ChE Journal, 2011 57, 655)

» Dimethylether (Distillation Design and Control using Aspen Simulation)
» Extractive Distillation

> Heterogeneous Ternary Distillation (Alcohol-Water-Entrainer)

> Reactive Distillationof A+ B - C +D

> TAME

> Air Separation Unit

> Ethylene Oxide

> Light Ends Unit



amstercHEm

tailor-made engineering software so

Luyben's Flowsheets with COCO

> Analysis

> Steady State Design
> Optimization

> Preeess-Dynamies
» Central
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Some Lessons Learned

> Luyben's chemical processes can be modeled in steady state using COCO
» Some of Luyben's design specs need to be altered

> Results may differ — largely due to (slightly) different thermo

> Use of “make-up mixer” makes flowsheets much more robust to solve

> Use fixed conversion reactor before incorporating reaction kinetics

> To be useful in teaching design COCO/ChemSep need a databank for more
compounds than exists at present; databank extended for Luyben flowsheets
+ use up to 40 compounds in ChemSep v6.9 columns!

» COCO no more difficult to learn to use than UNISIM Design (UD)

» COCO useful in mass and energy balances class where simple component
splitter models and conversion reactors are typical
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Luyben's Flowsheets: Can we please have some more?

PRINCIPLES
AND CASE STUDIES
OF
SIMULTANEOUS DESIGN

WILLIAM L. LUYBEN

2012/ 2013 ?
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