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Contemporary process engineering ; BAM
Towards Cyber-Physical Production Systems (CPPS)

Process engineering focuses on the design, operation, control, and
optimization of chemical, physical, or biological processes.

= Involves creating production facilities that translate raw
materials into value-added products along the supply chain

= Conversions typically take place in repeated reaction and separation
steps - either in batch or continuous processes.

= Computer aided tools: mass transfer, thermodynamic, kinetic, and
other physical properties of treated materials

= Sufficient understanding of such properties is available
and implemented in dynamic numeric models. -

Simulation Lab Miniplant
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Contemporary process engineering ; BAM
Towards Cyber-Physical Production Systems (CPPS)

_ ~

“Cyber-Physical Systems (CPS) are integrations of computation with physical
processes. Embedded computers and networks monitor and control the physical
processes, usually with feedback loops where physical processes affect

computations and vice versa”. E.A. Lee, Cyber Physical Systems: Design Challenges,
EECS Department, University of California, Berkeley, 2008.
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Integrated process design and ; BAM
intensified processes

= Intensified continuous processes

("Motivation More efficient and
= Continuous Processing flexible low to medium
= Standardized modular equipment scale production of
. specialty chemicals
= Numbering-up on demand
\» Fast response to marked change

¥

Intensified production concepts require for adaptive sensor and
process control technology

= Short set-up times
= Modular control strategies
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Integrated process design and
intensified processes
E_xample: FIow Chemistry
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A. Adamo, R. L. Beingessner, M. Behnam et al., On-demand continuous-
flow production of pharmaceuticals in a compact, reconfigurable system,
Science Science 352(6281), 2016, 61-67
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Process analytical technology for

< BAM

intensified processes

Examples from BAM
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Validation lab experiments in tube

reactor
Continuous Lithiation Reaction Set-up at BAM
Data-usage =  Experimental design for
Control r -D| Online performance monitoring Sensors validation of spectral models
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Proton NMR Spectra 500 MHz vs 43 MHz < BAM

Lab experiments in batch along reaction co-ordinate

2. NMRPM, Kaiserslautern
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Model Building: IHM and PLS-R

Lab experiments in Batch Along Reaction Co-ordinate
Validation with HF-NMR

< BAM
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Indirect Hard Modeling (IHM) < BAM
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Model Building: IHM and PLS-R
Lab experiments in Batch Along Reaction Co-ordinate
Current Limitations

< BAM
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= Model limitations for low concentration of Aniline
= Prediction uncertainty 5-7 % relative, i.e., 0.25-0.35 % absolute
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Model Building: IHM and PLS-R ; BAM
Lab experiments in Batch Along Reaction Co-ordinate
Current Limitations
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= Model limitations for low concentration of Aniline
= Prediction uncertainty 5-7 % relative, i.e., 0.25-0.35 % absolute
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Model Validation < BAM

Lab Experiments (DoE) in Continuous Tube Reactor

= Two series covering 1 : 1 : 2.3 (FNB : Aniline : Li-HMDS)
= Additional experiments, e.g., concentration variation in THF etc.

FNB
NO,»

Anilin
NH,

Li-HMDS |15 T
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Model Building: IHM and PLS-R < BAM
Lab experiments in Batch Along Reaction Co-ordinate
Current Limitations
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= Model limitations for low concentrations of Aniline
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Model Building: IHM and PLS-R < BAM
Lab experiments in Batch Along Reaction Co-ordinate
Current Limitations
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Model Validation < BAM

Variation of Substituents in Continuous Tube Reactor
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“Click” analytics for “click” chemistry -
a simple method for calibration-free
evaluation of online NMR spectra

< BAM
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Summary: Low Field Reaction Monitoring ; BAM

And it's Way to Industrial Automation

TODOS

Data Data
Processes Flow Probe Preparation Analysis
L 4 L 4 9 9 9
. . . . Automated Automated Spectral
Dispersions Thermo-stating shimming phasing Modeling
L4 L 9 9 L4
; Optimized pre- Automated Sensor
Emulsions magnetisation Stable lock faal P
9 9 A4 H 9
Technical Pressure Line shape correctlcin »~Semantic"
conditions in T resistanse stablllty. Data quality models
and p Optimized probe  Long-term evaluation
design stability
9
Lab remote
control
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< BAM

Current and future requirements to

process sensors
Sensors go smart

= Smart process sensors are important parts of cyber-physical
poduction systems and generate new business cases for users,
instrument manufacturers, and service providers.

= ,Smart" sensors provide services within networks and use
information out of the network.

Connectivity and Maintenance and Traceability and  Virtual
Communication Ability Internal Functions  Compliance Description  Interaction Ability
pex)
S: .‘ 0‘ Q ........ Q
2.B.OPC-UA . L ] " i i Y
‘e O CP
o TOUT
- ?

= Use of ,complicated" sensors has to be simplified towards , plug and
pIay\\
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< BAM

Industrial Automation
Current Technical and Cultural Requirements
to Process Sensors

Explosion Communi- Full Docu- Safety and
safety cation mentation Operation
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L 4 L 4 9 9
L el EN, el ,SIL" = safety CE certificate Safety
Zone integrity level (Europe) instructions
R 2 RS = L L 4 L 4
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- . Documentation Operation
Robustness _' 4-20 mA signals (Manual) training
Explosion group [
[ Fast field bus
Temperature (e.g., remote
class control)
’ »
Pressurized
housing Status signals
9
Leakage control
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Communication Concept

— NAMUR

Safety Information status signals

- Leakage, T, p
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4-20 mA
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Client ) e Fast field bus —>
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Smart Sensors ; BAM

public network

H
Firewall

enterprise cloud
(virtual server cluster)

enterprise network
(LAN)

automation network

( SCADA)

Industrial Ethernet

virtual rhtime
environment

ERP = Enterprise Ressource Planning
MES = Manufacturing Execution System
PCS = Process Control System

APC = Advanced Process Contral

SCADA = Supervisory Control and
Data Acquisition
PLC = Programmable Logic Controller
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From Lousy Interfaces to “"Industrie 4.0" ; BAM

Use of Runtime Environments

Sensor Acquisition ELERATEITE ] Decision

Past PIOP- o |GUlon L=
bus _|labPC =
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From Lousy Interfaces to “Industrie 4.0" ; BAM

Use of Runtime Environments

Acquisition Data evaluation Decision

Past Risp: GUl on .= ... Manual data
bus lab PC = processing
=] t runtime
resen environment (PL
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From Lousy Interfaces to “Industrie 4.0" ; BAM

Use of Runtime Environments

Sensor Acquisition ELERATEITE ] Decision

Past U ] ., |manual data trial and error
e lab PC processing
o . - . |GUI on em- runtime process control
resen bedded PC environment (PLC) system

runtime process control
environment (PLC) environment

Future
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Process Control < BAM

= Contemporary process engineering

= Integrated process design and intensified
processes

= Intensified continuous processes
= Integrated processes

= Towards continuous pharmaceutical
manufacturing

* Flow chemistry
= Contemporary automation and process control
= Current and future requirements to process

Sensors
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Integrated process design and ; BAM

intensified processes
Towards continuous pharmaceutical manufacturing

Presently Targeted
Approach

Quality by Design Process Analytical
((0]:]10)) Technology (PAT)
ICH Guideline Q8 ~Design of Ex-
»,Design Space" periments" (DoE)
ICH Guideline Q9 Process models on
»Quality Risk basis of
Management" online data

ICH Guideline Q10 Multivariate
~Pharmaceutical data analysis
Quality Systems" ICH Q8

ICH Guideline Q11 »~Control Space"
~Development and ,Real Time Release"
Manufacture® Gu
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Contemporary automation and ; BAM
process control

= Current focuses of research are closed-loop adaptive control
concepts for plant-wide process control, which make use of specific
or non-specific sensors along with conventional plant instruments.

= Such advanced control solutions could give more information than
only control information, such as

= sensor failure detection
= control performance monitoring
and improve simulation-based engineering.

motivation \

= processes can automatically be driven much closer to the optimal
operating limit

= adaptation during the life cycle of the process

= potential to automatically cope with changes of the raw-materials
\ as well as process conditions /
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Model Building: IHM and PLS-R < BAM

Lab experiments in Batch Along Reaction Co-ordinate
Current L|m|tat|ons
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