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Software solutions within a research project in academy

Development of Mathematical Models novel ideas
Freedom on choosing the developing software
Different software tools = different solution approach
Equation oriented vs modular modeling
Steady vs dynamic

Integration tools required e.g.:. CAPE-OPEN Matlab Unit Operation
Thank you CO-LaN!

Juan M. Alava technische universitat
PSE Master Student dortmund



Overview of current thesis project Chemiinseniouwesen

General Research Project Topic:
“Adsorptive Direct Air Capture of CO2”
M.Sc. Carsten Drechsler
Specific thesis Project Topic:
“Optimal cost-based design of a highly integrated thermally coupled DAC-PTG process”

Among tasks: Existing Matlab (r2013b) model for the DAC unit should be implemented into
Aspen Plus V8.8
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Matlab into Aspen Plus case

CAPE-OPEN Matlab Unit Operation (MUO) Download and installation

Compatibility error - solution given by CO-LaN
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Use of the MUO into Aspen Plus V8.8

Online help guide https://www.amsterchem.com/matlabunitop.html

CAPE-OPEN library in Aspen

Economics Dynamics Equation Oriented View Customize
&7 Manage LibrariesJ Add Selected
55 Palette Categories | =) Add Entire
Custom
Tables

Model Library

I T e e I ——
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Use of the MUO into Aspen Plus V8.8

+ CAPE-OPEN library in Aspen

% Manage Libraries — [
Available Libraries
Is In Use Name Detal Location
¥ | Built-In View... Built-In
V] CAPE-OPEN View... Built-In
\& - .
| |ACM Models Built-In
| |ACM Built-In Built-In
0 (i Ml s
New ' | Import
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Use of the MUO into Aspen Plus V8.8

CAPE-OPEN library in Aspen

Ors Pressure Changers = Manipulators Scolids Solids Separators User Models CAPE-OPEN
I
S &w Ualt Opesath 3 Unit Operatis Compoessor PR GibbaBaacror PSETestUalt Miver
er | |Matlab Unit Operation ||5ciLab Unit Operation | |(Compressor PFR GibbsReactor | |PSETestUnit Mixer
L )
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Matlab Unit Operation with 3 connected streams. No errors
Yrroaes :

MUO > 377565 <

o PRODUCT 2>
8 / 8 &

> 373418 < h > 623248 <

PUMP >
- FLASH
) —— ETHANOL MIXER YT ﬁ
60

atllab Unit Operagion

3 v,
) 13618 10
3
C>— TRY ETH S6 ) 136462
\.

@ O Temperature (C)
% (L) pressure (ban Water / Ethanol

8 Mass Flow Rate (kg/hr) -
V102602 ) 245684 y < mixture
T RECYCLE
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Recycle stream without direct declaration produces errors
& in the aspen simulation environment
>113368<
7o

PRODUCTH——>

PUMP >
o>—— ETHANOL | > MXER V= ﬁ FLASH

Undefined stream (g Sl b - i
(recycled)

ure ar
BO E Mass Flow Rate (kg/hr)

§ 0 § SPLIT u Errors
I Fi -
e PURGE 7 RECYCLE Warnings
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Recycle stream without direct settings produces errors in
the aspen simulation

¥ Matlab CAPE-OPEN Unit Operation: X

Forts I Parameters Heports | Matlab] Additional filesl About I

Report: | Matlab Output =

Valid registration: license type = Academic
Not licensed for commercial use

r:in;w output: MUO error for
recycled stream

£33, 3933  J¥Fd. 3333

f2 =
1.0e+03 =

0.1402  2.1967 Solution?

Evaluation error: Error using CapeOpenlnitMex
Failed to get flow from feed 3: Failed to get the Material Object Property: flow

MATLAE done
Error using CapeOpenlnitMex, Failed to get flow from feed 3: Failed to get the Material Object Property: flow

add | Remove |

Save model ‘ Load model ‘ Help ‘ ‘ Close |
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Use of a duplicted MUO with the same code (errors)

Undefined input
stream (recycled)
or
Multiple UO?

1

>2643141 <

WATER

MUO (’

PURGE

7

> 4

MIX2

aflab Unit Operafion
E

Juan M. Alava
PSE Master Student

(
> MX3
Mallab Unit Operation

COFE flowsheet UO

FE Flowsheet Unit OPerat n

m Errors

m Warnings

2o

— PRODUCT >

)D FLASH
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¥ Matlab CAPE-OPEN Unit Operation: X

Forts I Parameters Reports I Mallabl Additional filesl About |

Report: | Matlab Output -

Valid registration: license type = Academic
Not licensed for commercial use

MATLAE output : MUO error

numnFeeds =
2

Evaluation error: Error using CapeOpenlnitMex
Failed to get flow from feed 2: Failed to get the Material Object Property: flow

MATLAE done
Error using CapelOpenlUnitMex, Failed to get flow from feed 2: Failed to get the Material Object Property: flow

Same error

Add

Save model | ‘ Load model I Help Close
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Use of a duplicated cape open Unit with different code (MUO error)

>2643141 <

o—— WATER

J ws | )of Yo(
Connected MUOs >Q L

— PRODUCT

@ _ﬂ.
|
> 23035 < h O Temperature (C) n

E:ZI'HANOLZ ) MIX2 |1 <:> Pressure (bar) )O FLA SH
Matlab Unit Operafion
E Mass Flow Rate (kg/hr) r'q
L L4
J &3  Errors e
m Warnings

Yo Jol™" Yo
=

Fi
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= PURGE

Undefined input stream? (recycled)
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Use of a duplicated MUO with the same code (no error)

Not connected MUOs %

> 1995288 <

>2643141 < i
PRODUCT o>
. B1
WATER z.ﬂ ab Unit Operafion @
‘ 8
1
> o) < > 3383091 <

)U FLA SH

= ETHANOL3
> 23035 < r
o ETHANOL2 > B2
Matlab Unit Operat

SPLIT

> 1387803 <

>693901 < >693901 <

& PURGE

>< Does the MUO only accepts defined streams?
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Behaviour of the MUO (DAC-UNIT) in Aspen

Power To Gas concept

CO:
Products
Matlab code
H- CUnreacteol Aspen
omponents Simulation

Environment

~\

y,
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Behaviour of the MUO (DAC-UNIT) in Aspen

4 |7 DE>-LUL

@] Input

[ Results

vd EO Variables

[ Stream Results (Cus
4 [.% HYDROGEN

@] Input

[ Results

vd EO Variables

) Stream Results (Cus

4 | 7 Blocks

4 % DAC-UNIT

vd Parameters

vd Ports

‘@] Block Options

[ Stream Results =

[ Stream Results (Cug
. Utilities
. Reactions
_& Convergence

1 Flowsheeting Options
4 % Model Analysis Tools
4 .3 Sensitivity
C% H2-VEL
1 Optimization
1 Constraint
. Data Fit
» g EO Cenfiguration

1 Results Summary
&% Dynamic Configuration  ~

_ H2-VEL = | Control Panel - " Main Flowsheet -« | DES-CO2 (MATERIAL) - Results -~ | DAC-UNIT (Matlab Unit Operation) - Parameters - | HYDROGEN (MATERIAL) - Results = |+ = ¥
|
|
|
|
|
r D |
|
|
|
|
| C>— HYDROGEN — DAC-UNIT DES-CO2 —0— |
|
fatlab Unit Operal ic1n E
|
|
. J |
|
|
|
| |
|
v
(LS NG|
Model Palette v X
1L Mixers/Splitters Separators Exchangers Columns Reactors Pressure Changers Manipulators Solids Separators User Mod  «  »
|
| ? v v o v
Material Mixer FSplit SSplit
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Input specification of the DAC-UNIT in Aspen

9 input parameters need to be specified

So far 7 output parameters and states are obtained from the DAC-UNIT
for analysis:

Sensitivity analysis
Optimisation studies (costs)

Design specification
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Presented error of the DAC-UNIT in Aspen

- When a simulation error is present the simulation engine stops working

-  The streams are disconnected and MUO won’t work

¥

_

| Bl Aspen Plus ® Engine Application
funktioniert nicht mehr

Ein Problem hat die richtige Ausfuhrung dieses

Programms verhindert. SchlieBen Sie das Programm.
( )

—> Programm schlief3en
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Presented error of the DAC-UNIT in Aspen

A

V|

4 %

A

- Solution: start over!

£ 7 DES-COUL
@] Input

.| Results

vd EO Variables

| Stream Results (Cus|
73 HYDROGEN |
@] Input

R

| Results
vd EO Variables |
j Stream Results (Cus
W Blocks |
% DAC-UNIT

vd Parameters

vd Ports

@] Block Options

__E. Stream Results

j Stream Results (Cusj

 Utilities
1 Reactions

.

@ Convergence

d Flowsheeting Options

4 |7 Model Analysis Tools

_d Sensitivity

_J Optimization

1 Constraint
4 Data Fit

b L FO Confinuratinn

nm i b

-
- ]
-—

Show Sequence

->Simulation calculations completed ...

*¥%  No Warnings were issued during Input Translation *##%

**¥*  Summary of Simulation Errors **%

Physical
Prope
Terminal Errors 2] ﬁp Aspen Plus X
Severe Errors %)
EN:O"S @ . The Aspen Plus calculation engine has unexpectedly shut down. It will attempt to restart.
Jarnings 8 '

->Generating results ...

Check the Control Panel for messages produced by this restart.

OK ] 1 Cancel

<< Run Saved >>

<< Run Saved >>

->Generating results ...

<< Run Saved >>

<< Run Saved >>

<< Loading Simulation Engine 15:18:18 Sat Oct 6, 2818>>

<< Problem specifications modified 15:25:54 Sat Oct 6, 2818>>
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Presented error of the DAC-UNIT in Aspen

Solution: start over!

Disconnect the input / output streams

Reset the simulation

Edit the MUO by loading the .mum file for the DAC-Unit
Connect the streams

Run the simulation
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Current diagnostic and solution by CO-LaN

Use the COLTT application to understand the source of the problem

COLTT 2.4.0 Controller xo4
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Improvements on MUO dialog window

Allow copy and paste of parameters in the parameter declaration tab.

Allow several Matlab file scripts to be selected and incorporated in the
additional files tab.

Current online help content related to the MUQO should be integrated into
the MUO dialog window.
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General Improvements on MUO

Allow copy and paste of parameters in the parameter declaration tab.

Allow several Matlab file scripts to be selected and incorporated in the additional
files tab.

Current online help content related to the MUO should be integrated into the
MUO dialog window.

Improvement on working with recycle streams (undefined stream).

Improvement on Aspen to MUO communication.
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Thanks for your attention
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