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Process Analytical
Technology creates smart :”\f”
production - How far are we

today?
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Klavs Martin Sgrensen
Chemometrics & Analytical Technology
Department of Food Science
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Fig. 109. Churning by Horse-power. —
= On large farms and inextensive dairies
the churning is done by horse-power.
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PAT — Process Analytical Technology

An 2004 initiative by the US FDA

« Reducing production cycle times

* Real time release

* Increasing automation

* Preventing rejects, scrap, and re-processing
e Improving energy and material use

* Increasing capacity

 Facilitating continuous processing

31-01-2019

Gplgdance for Industry
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PAT — Process Analytical Technology

RECIPE MONITORED MONITORED
BASED RECIPE BASED & CONTROLLED

9 D ®

© Newlin og Engelsen
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PAT — Process Analytical Technology

The four key PAT Tools

Process analyzers
Process control tools

Multivariate tools for design, data
acquisition and analysis

Continuous improvement and
knowledge management tools
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The PAT framework

W\/\/ e

Output

Input

(raw material) Process

Feed-forward Feed-back

control control
pre-process post-process

Control parameters

Model-predictive
control
during-process

v.d. Berg et. al, Trends in Food Science & Technology, 2013
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PAT Process analyzers - methods

— 3

“Measurement where the sample is “Measurement where the sample is
not removed from the process removed, isolated from, and
stream and can be invasive or

analyzed in close proximity to the

noninvasive.” process stream.”

Process stream

“Measurement where the sample is
diverted from the manufacturing
process, and may be returned to the
process stream.”
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PAT Process analyzers - characteristics

“The tools has evolved from univariate process measurements”

* Nondestructive

Need not to be absolute
* Frequent measurements
Generates large volumes of data

© Newlin og Munck
_— (Modified)
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PAT Process analyzers : Near-infrared spectroscopic
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PAT Process analyzers : NIR In-line

NIR transflection probe IN271F-02 modif. Bruker Optik
1849487
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PAT Process control tools

 Identify and measure critical material and
process attributes relating to product quality

* Design a process measurement system to allow
real time or near real time (e.g., on-, in-, or at-
line) monitoring of all critical attributes

» Design process controls that provide
adjustments to ensure control of all critical
attributes

* Develop mathematical relationships between
product quality attributes and measurements of
critical material and process attributes
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PAT control tools — it is complex even if it is simple !

Process inlet

Fluid
temperature

(H—

Buffer tank

[ Changing level

Process outlet

Gas flow
regulator

Burner gas

>

31-01-2019
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PAT control tools : frequency and understanding

64

Ul
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Product quality

48

Time (days)

van den Berg et al., Trends in Food Science & Technology (2013), 31:27
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PAT Multivariate tools — qualitative understanding

() = Verygood
= Acceptable

= Not good

) x New measurement

x— Where we want to be

Model space in our database

minl||X — TP’
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PAT Multivariate tools — tracking production quality
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Millions of samples !
Model space in our database
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PAT knowledge management tools

« Continuous learning through data collection

« A knowledge base can be of most benefit when it
consists of scientific understanding of the relevant
multifactorial relationships (e.g., between
formulation, process, and quality attributes) as well as
a means to evaluate the applicability of this knowledge N s
in different scenarios (i.e., generalization). }?

1984

GEORGE ORWELL
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PAT knowledge management — SCADA and historic data

Regulation

31-01-2019
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PAT knowledge management — SCADA and historic data

Data needs to be available

In most companies [ visit, massive
and multifactorial data extraction
is surprisingly difficult

Low data retention should be a
pre-2019 problem

We call them data graveyards!

[ pioty | Onine grashing
c '8
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Future PAT : An outlook

_________________

Water cleaning step

_________________

Process
Input

(raw material)

Feed-forward Feed-back

control control
pre-process post-process

Control parameters

Model-predictive
control
during-process
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Future PAT : An outlook

Deep Process Learning
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“Classic” Chemometrics
Control Tools

Machine learning
Big data
Artificial intelligence
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SayCheese: Automated on-line measurement of cheese
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“Measurement is the first step that leads
to control and eventually to improvement.
If you can’'t measure something, you can't
understand it. If you can’t understand it,
you can't control it. If you can’t control it,
you can't improve it"

— H. James Harrington

UNIVERSITY OF
COPENHAGEN .




