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Introduction and report summary

The IBD® Platform aims to be a comprehensive working environment that assists the Process
Intensification (P1) designer along each stage by providing the most frequent or specific tools in one
unique user interface (Ul). The PI designer tool is based in eight basic steps: Flow sheeting,
Mass/Energy balance, Environmental Performance (containing Life Cycle Assessment - LCA),
Knowledge-based Engineering approach (KBE), Process Intensification modules (PIM), Simulations,
Optimization and the Theory of Inventive Problem Solving (TRIZ).

Deliverable 5.5 dealt with the IbD platform Freemium release, which embraces all the updates to
upgrade the previous Beta version. The main upgrades done are:

e Flow sheeting: The input parameters for each module were added in the Projects view.

e KBE: New updates in the KBE database were done, where several new modules with all their
parameters were included.

e LCA: The Process views were added to the platform, and all the process configuration wizards
were developed. The mockups for this step, as well as the algorithm, are already done and
ready to be coded.

e Pl designer: The Pl designer was completed for several built in PIMs as: Spinning Disc Reactor
(SDR), Oscillatory Baffled Reactor (OBR) and meso-OBR, Miniaturized Reaction Technology
(MRT), Coflore Agitated Tube Reactor (ATR), Taylor-Couette Reactor (TCR) and Rotating
Fluidised Bed (RFB). All the views, equations and algorithm were developed for each module.

e An error notification system has been implemented to keep the user update with the missing
input fields as well as the wrong ones.

The following report is structured as follows:

Section 2 is devoted to the IbD platform Freemium release, and all the intensification steps
developed until date: Flow sheeting, KBE, Pl designer and LCA. Section 3 deals with the future
challenges.
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1. IbD platform Freemium version

In this Freemium version, besides the new upgrade KBE database added to the platform, also the
Flowsheet step was upgraded with the possibility to enter all the parameters related to a design
module through the Ul. The PI designer step was fully developed for seven built in modules, and the
foundations to add the remaining PIMs have been fully established. Also, the LCA step was fully
designed, the first step named Process view was developed and the final second step which is the
LCA comparison is designed and its basis clearly established.

A nice error message system was integrated to the platform, which allows the user to be aware of
the wrong/missing input parameters.

1.1. User Interface

The Login view of the Freemium release is depicted in Figure 1.

loD

Intensified by Design
e

2016 ® IbD

;;;il

As observed no changes are done in this Freemium version regarding the Login view compared with
the Beta version. The same behaviour is guaranteed:

The login will be done by valid users with the right email and password. In case a wrong data is
entered, the platform will show a message telling the login failed. Also the right email format is
required to can access the platform.
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1.2. Projects and intensification work flow

The format of the project list in the dashboard remains the same in this new version. The list of the
intensification projects is placed in the left of the view, as shown in Figure 2.

The tree structure remains as in the beta version and it is the following:

e The user creates the current process to be intensified, (My FlowChart in figure 2).

e Once the flowsheet of the process is drawn, the user can select the module to be intensify
and send it to the KBE step. In this moment, a “son” project is created, sharing the same
flowsheet of its “father” but with a module sent to intensify (e.g. My Dryer Intensify).

e The user can select another module of the same flowsheet from the “father” flowsheet, and
send it to intensify too. In this case, another “son” project with a different device sent to
intensify, is created (i.e. My Gran Intensify).

e
ch My FlowChart

=y - Inte

ch Untitled project

My Dryer Intensify

Author: Jose Antonio lbarra
Created. 14/03/2017 17:10:30
Modified: 14/03/2017 17:10.30

Figure 2. Projects list screenshot.
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Once the device is sent to intensify, the KBE algorithm handles the search of the proper PIMs to
substitute the one sent to intensify. The KBE algorithm and database, released in the beta version,
would be upgraded and integrated in the Freemium version.

1.3. Flowsheet step

The Flowsheet step was developed and added in the beta release, as shown in Figure 3.

Intensified by Design Amau Fatjo 5 ibb

o]
X [WRT_PID X |4TR_PID % |TCR_PID X | PFE_PiD X | 0BR_PID X Q

Mutiphase Mixing

Stainless stee|
20
10

oSt
125000

& Untitied project

Untitled project234

Author;  Jose Antonio Ibarra
Crealed; 26/09/2017 09:49:35
Madified: 26/09/2017 09:49:35

Figure 3. IbD beta release flowsheet view screenshot.
In this view the user has a modules palette, a drawing area and a module configuration area.

In the palette area, all the modules related with industrial processes of end-users, are placed (i.e.
dryer, tableting, coating, etc.). The list of devices is open to add new modules, therefore, any new
one whose functionality is mapped with one of the KBE functionalities, are able to be added to the
palette.

In the grid drawing area, the user is allowed to drag a module from the palette (the list of modules
will be updated as the project moves forward) and drop it in the drawing area. The modules can be
connected by clicking from one port to the other device’s port, and each module can be configured.
Their functionalities come by default from the platform, and are mapped with the functionalities
given by KBE database.

By using the palette modules, the drawing area and the configuration area, the user can perfectly
draw its process flowsheet.

Each module can be configured in the configuration area. At the present moment, only the name can
be modified, but more parameters will be added to each module as the project moves forward.
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The new feature added in this Freemium version, is the possibility to enter parameters related to
each module, as shown in the Figure 4.

Multiphase Mixing

Stainless steel
20

10

OS5 (£

125000 =

Intensify

Figure 4. Module parameters view.

The user can easily select the main material, the weight in Kg, the life span in years and the cost in
euros for their Flow sheeting module. These parameters are stored in database and will be helpful to
apply the LCA step.

1.4. KBE step

The KBE view remains the same as in the beta version. The changes in this step are related to an
upgrade of the KBE database by adding new PIMs and updating several ones.

Once the user has sent the device to be intensified, the KBE step shows up with the selected
functionality (i.e. blending), and the user can select the performance criteria and score it, as shown in
Figure 5.
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Intensified byDesign Jose Antonio Ibarra ‘@ ibD

/o)
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J Blending
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@ untitled project12 Efrm TR Importance

dh SievingMachine Age of Technology High -
sh test Ll Fexibility High -

Operating cost Medium -
Ripeness of Related Technologies Low -
Sustainability Low -
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Author:  Jose Antonio Ibarra
Created: 22/05/2017 10:38:49
Modified: 22/05/2017 10:42:29

Figure 5. KBE screenshot. Scoring the performing criteria

Then the user can search for a PIM solution, as shown in Figure 6, where a list of suitable PI units is
offered by the KBE algorithm, sorted by the best performance related to the functionality the user
wants to intensify, and later by the scored criteria.

® & Intensified by Design Jose Antonio Ibarra 1@ IbD

+3

ch My FlowChart Selected Functionality Pl modules

@ Blending Blending Criteria
Blending Modules potential Score
@ MyDryerintensify |He\|ca\ Ribbon Blending H Suitable 83.65
MyGre ensify Criteriz e
@ SN nEnshy | QCriteria Search... |Vortex Mixer H Suitable 69.18
@ Uniited project12 Selected criteria Importance |\mpmgmg Stream Reactors H Suitable 69.18
Machine Age of Technolo High - 1l ]
e bl ket g 9y 9 | Impact Pulveriser H Suitable 67.3
Flexibili High =
. L4 e | Enhanced Grinding || suitable 44.65
¢h Untitled project23 Operating cost Medium - T ;
| Supersonic Gas-Solid Reactors H Suitable 37.11
Ripeness of Related Technologies Low hd § §
| Static mixers ” Requires R&D || 79.87
Sustainability Low - T
| Mechanical Aids H Requires R&D || 78.62

|Torbec| Toroidal Fluidised Bed Reac. H Requires R&D || 77.99

|Torbed Expanded Bed Reactor H Requires R&D || 77,99

| Torbed Compact Reactor H Requires R&D || 77.99

| Sonochemical Reactor H Requires R&D. 72.96

Blending | et Milling | Reauires rap|| 7233
[ i | Resuies Rao) [ 51
Modified: 22/05/2017 10:42:29 E [Vibratina Millina 'Requires rRep || 69,81

Figure 6. Displaying the PIMs suitable for the intensification process.

As shown, the PIMs available have been sorted first by functionality (Optimum, Suitable and Requires
R&D), and later by criteria score. Each module has an information button where the technology is
described. Also, the PIM row is clickable, to show each criteria score given by KBE.
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1.5. TRIZ step

TRIZ step discussions and implementations in the case studies are ongoing, in order to obtain a
standard way to include it within the platform to fulfill all industrial sectors in a generic way.

1.6. Pl Designer step

The PIMs can be classified as built in or novel modules. The built ones have a set of equations and
design algorithms which allow to have some output designs. The novel PIMs are under development
and currently don’t have a set of equations, and are being analyzing by the expert partners.

The PI designer step was fully developed for several built in PIMs. The developed PIMs, as starting
point, are:

e Spinning Disc Reactor (SDR).

e Oscillatory Baffled Reactor (OBR).

e meso-OBR.

e Miniaturized Reaction Technology (MRT).
e Coflore Agitated Tube Reactor (ATR).

e Taylor-Couette reactor (TCR).

e Rotating Fluidised Bed (RFB).

The following figure shows the example of the Pl designer step within the platform for the TCR.

@ Eg F;l Intensified by Design Amau Faj

Wm X [oBr | ummeapoecr X [WRT D X

ch MyProje [+] 1. DESCRIPTION OF TECHNOLOGY

@ ATR_PD

The Taylor-Coustts reactar technology imposes high centrifugal acceleration and

high shear rate to liquids flowing between the gap of the two differentially rotating

& MRT_PD 2 APPLCATIONS cylinders. The Taylor-Coustts reactor could be sither a barch reactor or a

® oo o B — continuous reactor. The fluid is supplied from one end of the cylnder and driven by
the rotational cyinder, Several flow regimes occur wilh diferent rotational speed:

[ JEEENEE TR L PAAMETERE Flow regimes of Taylor-Cougtte reactor:

& 1cr_PID 5. FLOW PEGRE OF TAYLOR-COETTE FEACTOR 1. Laminar circular Coustte fiow (0 < ReTC < ReTCe)

1 DESCRIFTION OF TECHNOLOGY

o B 2. Taylor vortex flow (RaTCc < ReTC < 55ReTCE)
3. Wavy vortax flow (5 SReTCE < ReTC < 17ReTCc)
52 TAYLOR-COLETTE QUTPUT PARAMETERS
4. Modulated wavy vortex fiow (1TR6TCE < ReTC < 24RTCE)

5.2 1 ROTATIONAL FEYHGLDS NUMBER VS ROTATIOHAL SPEED GF
THE INNER CYLNDER

& CUSTOMZED TAYLOR-COLETTE DESIGH

5. Turbulent Taylor vortex flow (24ReTCc < ReTC)

Whers ReTC is the rotational Reynolds number and ReTC is the critical rotasional
Reynolds number 30 view of & Taylor-Coustte system with inset showing Tayior vortices farmed in
fiuid flowing in annular space

[#1 cusrouzen oesoumrs In most applications, the aim is to operate under the Taylor vortex regime.

7. CONTROL FOR TCR 2. APPLICATIONS |

. FOULNG CONTROL FOR TCR.

Reaction TCR characteristics of relevance to reaction Phases involved ~ References

- Photocatalysis particles travel in the gap by ortex motion

Phy talysi
=Eyh . Controlled parioic ilumination by flow regime

Liquid/Solid m
- Pra-raactor for the continuous emulsion polymerization.

Emulsion polymerization | - Corrol the steady-state convarsion and particle number Liquid/Solid e}
Stable long-term operation without shear-induced coagulation and polymer deposition

Crystalization - Efficient mixng and heat transfer enhance the crystal size distribuion and crystal product recovery. Liquid/Solid B3-9
Mliing Ideal plug flow with good mésng LiguidSolid [10-12)
References
[1] Sczachowski, 1.6, C.A. Koval, and R.D. Nable, A Taylor vortex reactor for F & 1 Science, 1995, 50(20). p. 3163-3173.

[2] Wei, X.. et al., Continuous emulsian polymercation of styrane in a single Coustta~Taylor vortex flaw reactor. Journal of Apphied Polymer Stience, 2001 80(11): p. 1931-1942
[3] Nguyen, AT, T. Yu, and W.-S. Kim, Couatte-Taylor crystallizer: Effective control of crystal siza distribution and recovery of |lysin in cooling crystalization. Journal of Crystal
Growth, 2017 469 p €5-77

[4] Wu, Z_, etal, Control of Crystal Sze Distribution using Non-Isothermal Taylor Vortex Flow. Crystal Growth and Design, 2015 15(12) p 5675-5684

[5] Wu, Z, DH. Kim, and W-S_ Kim, Batch Cooling Crystalization in Non-lsothermal Taylor Vortex Flow: Effective Method for Controlling Crystal Size Distribution. Crystal Growth
and Design, 2017, 17(1): p. 28-36.

[E] Nguyen, AT, YL Joo, and WS, Kim, Multiple feeding strategy for phase transformation of GMP in continuous Couette-Taylor crystallizer. Crystal Growth and Design, 2012
12(6): p. 2780-2788

TCR_PID

author:  Amau Faté

Crealed: 18/09/2017 15:11:04
Modified: 19/09/2017 12:12:31

[7) Mguyen, AT, et al, Taylor vortex effact on phase tr 1 of guanosine &- in drowning-out crystalication Industrial and Engineering Chemistry
Research, 2010. 49(10): p. 4865-4872

[8) Mguyen, AT, et al, Phase transformation of guanosine 5-monophosphate in continuous Couette - Taylor crystalizer Experiments and numerical modeling for kinetics

Figure 7. View of thePIdeS|gnerW|th|n tqﬁé"platform

The Pl designer view is composed by an index and the content. The user can use the index to move
within the content by clicking in the desired topic, see Figure 8.
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5.1 TAYLOR-COUETTE PARAMETERS

5.2 TAYLOR-COUETTE OUTPUT PARAMETERS

2.2.1. ROTATIONAL REYNOLDS MUMBER VWS. ROTATIONAL SFEED OF

THE IMMER: CYLINDER

6. CUSTOMIZED TAYLOR-COUETTE DESIGM

6.1 CUSTOMIZED DESIGM QUTFUTS

7. CONTROL FOR TCR

g. FOULING CONTROL FOR TCR

Figure 8. Index of the Pl designer for the TCR.

Deliverable 5.5

All the built in PIMs have the more or less the same sections: Description of technology, applications,
SWOT analysis, the designing which embraces the input and output section, the control and fouling

sections.

The content part is composed for the content of all the sections listed in the index part. Figures 9 and
10, show the “description of technology” and “applications” section within the TCR designer,

respectively.

1. DESCRIPTION OF TECHNOLOGY

The Taylor-Couette reactor technology imposes high centrifugal acceleration and
high shear rate to liquids flowing between the gap of the two differentially rotating
cylinders. The Taylor-Couette reactor could be either a batch reactor or a
continuous reactor. The fluid is supplied from one end of the cylinder and driven by
the rotational cylinder. Several flow regimes occur with different rotational speed

Flow regimes of Taylor-Coustte reactor:

1. Laminar circular Couette flow (0 < ReTC < ReTCc)

2. Taylor vortex flow (ReTCc < ReTC < 5.5ReTCc)

3. Wawy vortex flow (5. 5ReTCc = ReTC = 17ReTCc)

4 Modulated wavy vortex flow (17ReTCc < ReTC < 24ReTCc)

Fined cuter __
eylinder

5. Turbulent Taylor vortex flow (24ReTCe < ReTC) Mwl}:s‘:w <
tylinder
Where ReTC is the rotational Reynolds number and ReTCe is the critical rotational
Reynolds number 30 view of a Taylor-Couette system with inset showing Taylor vortices formed in
In most applications, the aim is to operate under the Taylor vortex regime. fluid flowing in annular space.

Figure 9. Description of technology section for the TCR.
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|2. APPLICATIONS

Reaction TCR characteristics of relevance to reaction Phases involved  References

- Photocatalysis particles travel in the gap by vartex motion.

Photocatalysis - A
1 - Controlled periodic illumination by flow regime.

Liquidisalid [1]

- Pre-reactor for the continuous emulsion polymerization.
Emulsion polymerization | - Control the steady-state conversion and particle number, Liquid/Salid [2]
Stable long-term operation without shear-induced coagulation and polymer deposition.

Crystallization - Efficient mixing and heat transfer enhance the crystal size distribution and crystal product recovery. Liquid/salid [3-13]
Mixing Ideal plug flow with good mixing. Liguid/Solid [10 - 12]
References

[1] Sczechowski, J.G., C.A. Koval, and R.D. Noble, A Taylor vortex reactor for heterogeneous photocatalysis. Chemical Engineering Science, 1995, 50(20): p. 3163-3173.

[2] Wei, X., et al., Continuous emulsion polymerization of styrene in a single Couette—Taylor vortex flow reactor, Journal of Applied Polymer Science, 2001, 80(11): p. 1931-
1942,

[3] Nguyen, A.-T., T. Yu, and W.-S. Kim, Couette-Taylor crystallizer: Effective control of crystal size distribution and recowvery of |-lysine in cooling crystallization. Journal of
Crystal Growth, 2017, 469: p. 65-77.

[4] wu, Z., et al., Control of Crystal Size Distribution using Non-Isothermal Taylor Vortex Flow. Crystal Growth and Design, 2015, 15(12): p. 5675-5684.

[5] Wu, Z., D.H. Kim, and W.-S. Kim, Batch Cooling Crystallization in Non-lsothermal Taylor Vortex Flow: Effective Method for Controlling Crystal Size Distribution. Crystal
Growth and Design, 2017. 17(1): p. 28-36.

[E] Nguyen, A.T., Y.L. Joo, and W.S. Kim, Multiple feeding strategy for phase transformation of GMP in continuous Couette-Taylor crystallizer. Crystal Growth and Design,
2012, 12(6): p. 2780-2788,

[7] Nguyen, AT, et al., Taylor vortex effect on phase transformation of guanosine S-monophosphate in drowning-out crystallization. Industrial and Engineering Chemistry
Research, 2010. 49(10): p. 4865-4872.

[8] Mguyen, A.T., et al., Phase transformation of guanosine 5-monophosphate in continuous Couette - Taylor crystallizer: Experiments and numerical modeling for kinetics.
Industrial and Engineering Chemistry Research, 2011. 50(6): p. 3483-3493.

[8] Nguyen, A.-T., T. Yu, and W.-S. iKim, Couette-Taylor crystallizer: Effective control of crystal size distribution and recovery of I-lysine in cooling crystallization. Journal of
Crystal Growth, 2018,

[L0] Richter, ©., H. Hoffrmann, and B. Kraushaar-Czametzki, Effect of the rotor shape on the mixing characteristics of a continuous flow Taylor-vortex reactor. Chemical
Engineering Science, 2008. 63(13): p. 3504-3513.

[11] Kataoka, K., et al., Ideal Plug-Flow Properties of Taylor Vortex Flow. Journal of Chemical Engineering of Japan, 1975. B(6): p. 472-476.

[12] Richter, O., M. Menges, and B. Kraushaar-Czarnetzki, Investigation of mixing in a rotor shape modified Taylor-vortex reactor by the means of a chemical test reaction.

Ahamieal Cnain nA Crinnen A0AG 2AAAV. R 9904 2901

Figure 10. Applications section for the TCR.

The SWOT analysis section is shown in the following figure.

‘3. SWOT ANALYSIS

STRENGTH WEAKNESS

- High level of heat and mass transfer rates.

- Near ideal plug flow behaviour which gives good mixing. - Lack of awareness of TCR technology in the industry.
- High crystal size distribution. - Lack of understanding of the application of turbulent flow regime of
- A continuous reactor technology offering opportunities for the technology in reactions.

efficient light activated reactions.
OPPORTUNITY THREATS

- Modification of the shape of inner cylinder enhancing mixing for

reactions. - Industry reluctance to adopt rotating technologies for safety
- Decomposition ability offering opportunities for granulation reasons.
reaction. - Lack of online nonintrusive measurement technique.

- Anti-fouling for the rotating filtration.

Figure 11. Swot analysis of the TCR.

These three sections are common for all the built in PIMs. The design section involving the input and
output parameters in inherent to each PIM. The user should enter a determined group of input
parameters to obtain the outputs desired. In the middle a set of equations and algorithm are running
behind in the platform’s backend to transform the inputs in outputs.

Figure 12, shows the input parameters sections, where the user has to enter the material and the
device input parameters to plot the regimes of the TCR to allow the user to choose the desired work
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regime. Figure 13 displays the value to be entered by the user depending of the regime selected, and
the output parameters.
4, MATERIAL INPUT PARAMETERS

Kinematic Viscosity (m? /5)

0.001

5. FLOW REGIME OF TAYLOR-COUETTE REACTOR |

In order to know the proper values of the rotational Reynold number and the rotational speed of the inner cylinder for the desired flow regime, enter the device parameter inputs

below
5.1. TAYLOR-COUETTE PARAMETERS ‘
Outside radius of inner cylinder (m) Inside radius of outer cylinder {m) Flow rate of the fluid {ms)
01 1 1
Initial rotational speed of inner cylinder (rad/s.) Final rotational speed of inner cylinder (rad/s)
10 180

‘5 2. TAYLOR-COUETTE QUTPUT PARAMETERS

M Rotational Reynolds Number [l Critical Reynolds 55 « Critical Reynolds [l 17 « Critical Reynolds 24 x Critical Reynolds
35000
. 30000
H
E 25000 |
5
S 20000 |
= ' ]
@ P
T 15000 | . s o0 .
w e
= - o +*
% 10000 | T . o—®
k=] Ay
o L A
5000 | PR S e =
.
-~ o t® o +*

i 1 1 1 1 1 1 1 1 1 1 T T T T

S ® ¥ o & ® b 2 3 ® » 2 o o

Y ® & B @ & > & & 3 NN 2 & & < P

Between 0 and 1438.2275 : Laminar circular Couette flow regime

Between 1435.2275 and 7910.2512 : Taylor Vortex flow regime

Between 79102512 and 24449 8673 : Wavy Vortex flow regime

Between 244498673 and 345174597 : Modulated Wavy Vortex flow regime
Bigger than 34517 .4597: Turbulent Vortex flow

Select the regime desired for your application

Figure 12. Several design sections for the TCR.

6. CUSTOMIZED TAYLOR-COUETTE DESIGN

Select the rotational speed value that suits your application from the graphic above:

Rotational speed selected (rad/s.)

85

6.1. CUSTOMIZED DESIGN OUTPUTS

Rotational Reynolds Mumber: 7650
Ratio of Reynolds Number: 5.319

* Make sure the Ratio of Reynolds number is bigger than 5 to obtain valid values of Dispersion coefficient and Axial macromixing time
(suggestion: increase rotational speed selected)

Dispersion Coefficient (m?/s): 0.0077
Axial macromixing time (s): 210.9199

Figure 13. Output parameters.
Each PIM has its own design process and therefore, inherent sections for this.

The control and fouling sections are common for all built in PIMs, and they are shown in Figures 14
and 15.
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|7. CONTROL FOR TCR |

The wariables relevant to advanced process control and process monitoring for the TCR are presented in the following gualitative interaction table. The table is aimed for filling
the purpose of early stage control design, and to facilitate integrated process design and control design. The variables listed in the interaction table are considered as a set of
possible inputs and outputs for process modelling, sensitivity analysis and controllability analysis.

The input {(manipulated and disturbance) variables can be found from the columns and the output (controlled and observed) variables from the rows. The power/magnitude and
the speed/dynamic response of the control qualitative indicated for some of the known interactions.

Input variables

Taylor-Couette Reactor ECELT aobctien
Axial liquid
Rotational speed 9 Temperature*
flow rate
Flow regime
- . Large Large Moderate
(measured by ratio of .
rotational Re to critical Re) s st PP
Design
Dispersion L;rgf L;\rgf N;o.de;atet
Output variables as as ar-ras
L Moderat: Moderat:
Particle size and distribution e oderate O. erate
Fast Fast Fair-Fast
Application
q o L Moderats Moderat:
Particle classification =R oferste ooerse
Fair Fast Fair-Fast
The speed/dynamic responses are defined for the SOR as:
+ Fast: seconds
+ Fair: minutes
* Slow: hours
= Nil: not applicable/no effect
Motes:
! Temperature affects density and viscosity of working fluid which in turn affect the controlled parameters
Figure 14. Control section for the TCR.
8. FOULING CONTROL FOR TCR
Key features of technology in fouling prevention/reduction Important Parameters Remedies
. . Surfaces in
Rotational speed of the inner cylinder
Taylor-Couette reactor is normally used as a rotating filtration technology, which has potential to control of flux (Increasing the rotational speed contact with
decline related to concentration polarization and membrane fouling. Based on a numerical study [Ref.2], particles sing =P particularly

beyond the that for the laminar flow

in the TCR typically have a trend to form a thin cake on the inner porous cylinder due to the radial flow in the
regime increases vortex formation

fouling solids

laminar circular Couette flow. If the rotational speed of inner cylinder increases above the critical point, the can be

. . . . . which aids in the displacement of solid
particles are swept off the inner cylinder to resuspend them in the vortical flow. The vortical motion in the annulus deposits from the inner and outer coated with a
carries the particles across the annulus further reducing the particle concentration near the inner cylinder. [Pl non-stick

cylinder surfaces)**. terial
material.

Notes:
* Have direct effect on fouling (increase in parameter value reduces fouling).

** Have inverse effect on fouling (increase in parameter value increases fouling).
References

[1] Crastes, Misha; Lagkaditi, Lydia; Ball, Jonathan; Yang, Junfeng; Coletti, Francesco; Macchietto, Sandro; Matar, Omar, NMumerical study of crude oil fouling in a Taylor-
Couette-type reactor, APS Division of Fluid Dynamics (Fall) 2015, abstract #D14.007 (2015).

[2] Wereley, S.T., A. Akonur, and R.M. Lueptow, Particle—fluid velocities and fouling in rotating filtration of a suspension. Journal of Membrane Science, 2002, 208(2): p. 489-
484

Figure 15. Fouling section for the TCR.

Any new built in PIM can be included into the platform in a very straightforward way, as an
intermediate template done in .xml format can be easily translated into the platform.

1.7. Control Solution and Simulation Step

The Control Solution and Simulation steps are still under discussion by the partners. The Simulation

step is performed for novel PIMs, as they have no equations to provide the proper outputs to the
user.
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Once a simulation is performed by the partner involved in this task, a radial basis equation will be
built by another partner, and the development team will include it within the PI designer step.
Therefore, the user will have a set of equations to design the PIM, by using these expressions.

The Control solution step is still under discussion as the case studies are ongoing.

1.8. LCA Step

In this step, the user can analyze how its current process and the intensify processes perform in
terms of environmental indicator. The first step is to enter the data related with the industrial sector
(e.g. pharmaceutical), measurement units related to this sector, etc.

For doing so, a Process tab has been enabled to organize all the process related to a project, as

shown in Figure 16.

Intensified by Design Amau Faié _@ ibD

Process Info Sector Info
5] MyProject o

21

22

2

22

| .
Pharmaceutical

fresa

<
Figure 16. Process view.

In the process view, a project list with related process are listed and the left of the view. In the right,
all the process input field data are placed, in order the user can fulfill them. The process info, as
shown in Figure 17, is divided in:

e Processinfo
e Sectorinfo
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Process Info Sector Info

Functional Unit *

E MyProject

kg v
Tablet Weight (g/tablet) *

21

Tahlets/year *

22

Production (kg/year) *

22
Sector type *
Pharmaceutical - Duration (h) *
Product * 22
fresa

g of product per batch *

22

Figure 17. input parameters for My process view.

Next step within the LCA, is to enter the parameter related with the product fabrication, as can be
the raw material energy consumption, and also the output parameters as can be emission to air,
effluent treated, etc. This will be done through a Wizard, where the main views are shown in the

mockups of Figures:

Intensified by Design caosurego [ [bD)

Qg

bd_Project01

! Ibd_Project02 Raw Material

Ibd_Project03 Water Consumption Manitol Oral No 01 g/tablets |

1bD_SubProject03-01 Energy Consumption

Auxiliary Products

1bD_SubProject03-02

1bD_SubProject03-03 Effluent Treated

Ihd‘_Fro;ect{M Emision to Air

Ibd_Project05 Solid Waste

Ibd_Project07

Ibd_Project08

Ibd_Project09 1 Maintaining Activities

Ibd_Prqiecﬂ [i]

M Other Outputs |
Ibd_Project11 |
1

Ibd_Fro;ecﬂ 2

Figure 18. LCA input and outputs parameters to be filled by the user.
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Once all the input/output data are entered by the user, the next step is to select the intensification
projects to be compared in terms of environmental indicators with the non-intensified project, as
depicted in Figure 19. The results of such comparison are displayed in Figure 20.

Intensified by Design

bd_Project01 (v] ' Set Project Reference
[ Ibd_Project02 (v] i @® Carbon FootPrint (gC02 eg ) bD_Sub
Ibd_Project03 (>} QEnergy Consumption (MJ) bE
1bD_SubProject03-01 O Raw Material Consumption (g) bD_SubP
O Waste Production (g)

(® Water Consumption (L)

IbD_SubProject03-03
Ibd_Project04
Ibd_Project05

Ibd_Project06

©

(o]

(o]

(o)

| ©
1bD_SubProject03-02 (0]
0]

(o]

0]

0

©

Ibd_Project07
Ibd_Project08
Ibd_Project09
Ibd_Project10
Ibd_Project11

Ibd_Project12

¥

Figure 19. LCA environmental indicators and projects to be compared through a LCA analysis.

Intensified by Design
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Ibd_Project05 LCA Project_Intensif
Ibd_Project06 I LCA Project_Intensif
Ibd_Project07
Ibd_Project08
Ibd_Project09
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Ibd_Project11

Ibd_Project12
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As the case studies are ongoing, the project is receiving feedback for different industrial sectors, and
the conversion factors related to each sector would be updated in the database, and provide the
proper output by sector.

1.9. Error messaging and control

An error messaging system, to warn the user about the errors present in the form, was developed. As
observed in Figure 21, when the user forgets or enter an invalid value, the error icon placed in the
right top of the view show in red the number of errors. When clicked, a pop up shows up displaying
all the errors and where they are within any of the form used in the platform.

When the user corrects each error, it will disappear from the errors list and the error counter will be
updated. Once the forms have no error, the error icon will disappear which can be translated to the

user as no error is found.

[ pROCESS FORM ERRORS

Process info form has errors:
« Product is missing

Pharma sector form has errors:

« Tablet Weight invalid format [0.00]
« Tablets/year invalid format [0.00]
« Duration invalid format [0.00]

« g of product per batch

Figure 21. Errors messaging to alert the user.
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2. Future work

The IbD beta release platform is available for all partners in the following link: http://ibd.iris.cat/.
Each user has been provided with a login user and a password to access the platform, where they can
create their own projects, and “play” with the platform in order to provide feedback to the
development team. The new platform has been tested in the Chrome browser version
53.0.2785.101, and Firefox browser version 45.4, working properly in both cases.

Future work is to implement and to include within the platform the remaining steps of the
intensification process and continue updating and improving the already developed steps along the
industry is giving feedback of the usage of the platform.

The goal of this deliverable has been achieved. A Freemium |bD version has been released. The
platform was previously tested in the most common browsers nowadays.
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