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Same process. Same settings. Different outcome.

Yield Distribution

Both runs within dossie limits @
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So where does the difference come from?
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Why classical evaluation is often not enough?

SEUIroOAPI
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How to handle big data and complex relationships?

Basic visual batch comparisons
Analysis in Excel:

e averages

* min/max

* limits
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SPA workflow: from raw data to process insight SUINOAPI

w» Raw sensor data W@ Contextualization ' Visualization ' Features . Modeling ‘ Action items
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SPA workflow: from raw data to process insight

SeUINroOAPI

= Raw sensor data WY Contextualization ' Visualization

eq: 201

task: Heating 3 (115°C)
tag: 705TIT201_00_O1A PV
114

Temperature (lower)
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Jacket temperature (lower)

eq: 201
task: Heating 3 (115°C)
tag: 70STIT201RTMM_20_PV

time [min]

Jackat temperature (lower)

Features ' Modeling ’ Action items

eq: 201
task: Water feeding

tag: 705TIT201RTMM_20 PV

teme [min)
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SPA workflow: from raw data to process insight SUINOAPI

= Raw sensor data W@ Contextualization ' Visualization ' Features . Modeling ‘ Action items

eq: 201 1
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: task: Water feeding
tag: 705TIT201_00_O1A PV tag: 705TIT201RTMM 20 PV

Temperature (lower}

2

£

i

i

¥

]
eq: 201
task: Heating 3 (115°C) = =,
tag: 70STIT201RTMM_20_PV e

Median

Jacket temperature (lower)

0 3 10 15 20 25 30 15
pu— time [min] P 6



SEUIroOAPI

SPA workflow: from raw data to process insight

' Visualization

= Raw sensor data W@ Contextualization

' Features . Modeling ‘ Action items

Feature list Feature list Recommendation Effect on target KPI
HCI adding duration HCI adding duration increase 0.4 %
HCI adding inner temp start [oo\ HCI adding inner temp start decrease 0.03 %
o
_ - G -
Heating 1 jacket temp slope T/ Heating 1 jacket temp slope decrease 0.6 %
Heating 1 mixing speed Heating 1 mixing speed increase 0.1%
, , , , , Ranked feature list
Material transfer duration Material transfer duration increase 0.2 %
Heating & Mixing 1__Volume__mean Sevoenty oo o wdue cdiffe
Heating 1 (95°C)__slope(Jacket temperature (lower)[start, value==100}) DA -
Heating 3 (115°C)__Jacket temperature (lower)__median povs oo ol
etc etc' ’ Heating 2 (110°C)_ pﬂJacket pressure__mean &4.9 Mo campdan
Charging HND & DCQ__outside_temperature An s o —abie
Heating & Mixing 2__Temperature (upper)__mean e g -p
Heating 1 (95°C)__median(Temperature (upper - lower)) il e
~ 3 0 0 fe at u res ’ H(; addlng_:zrahonAmm o A -
Heating & Mixing 2__Jacket temperature (lower)__start -~ asgipe
Heating & Mixing 1__Jacket temperature (upper)__end et s |
Heating 6 (17 h)_Pressure__end o s cancafp
1st Sedimentation & Separation__Temperature (lower) (60min - start) Sy
Heating 2 (110°C)__Temperature (lower)__start ey
1st Sedimentation & Separation__duration_min - wf
Heating 2 (110°C)__mean(Volume[10min, end]) - G
Heating 3 (115°C)__Jacket temperature (upper)__max v
HCl adding__Vapor temperature__end e <ot
Charging HND & DCQ__Volume__end ) e=
Heating & Mixing 1__Jacket temperature (upper)__diff_start_end <+
Heating 6 (17 h)__mean(Pressure[start, 300min]) @ -
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SPA workflow: from raw data to process insight SUINOAPI

= Raw sensor data W@ Contextualization ' Visualization ' Features . Modeling Action items

Ranked feature list
High

Heating 1 (95°C)__median(Temperature (upper - lower)) L 2
Heating & Mixing 1 Volume _mean el 08 2ok 5. fe
Heating 1 (95°C)__slope(Jacket temperature (lower)[start, value==100]) b -
HCI adding duration increase 0.4 % HCl adding__duration_min Db -
Heating & Mixing 1__Jacket temperature (upper)__end e B
HCI adding inner temp start decrease 0.03 % * Heating & Mixing 2__Jacket temperature (lower)__start RO o
Heating 2 (110°C)__mean(Volume[10min, end]) ==
Heating 6 (17 h)__Pressure__end il boue
Heating 3 (115°C)__Jacket temperature (lower)__median b
1st Sedimentation & Separation__duration_min e ety
Heating 1 mixing speed increase 0.1 % Heating & Mixing 2 Temperature (upper) _mean o
Heating 1 (95°C)__median(Jacket temperature (upper - lower))
Material transfer duration increase 0.2 % Heating 2 (110°C)__Jacket pressure__mean N
Heating 6 (17 h)__Temperature (upper)__start
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Heating 5 (124°C)__Jacket temperature (upper)__max Lol
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HCl adding__max(Temperature (upper - lower))
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2nd Sedimentation__duration_min
*HCl adding_ Vapor temperature__end
Charging HND & DCQ__duration_min
1st Sedimentation & Separation_ Volume (max - end) -
Charging HND & DCQ__ Temperature (upper)__start
Charging HND & DCQ__Volume__end <
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* [Heating 2 (110°C), Heating 5 (124°C)]__ duration_min L
Heating 6 (17 h)__mean(Pressure[start, 300min])
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Surprising results — identical vessel # identical behavior SUNoOAPI
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— inner temperature Eq A Temperature during crystallization
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Surprising results — Empty vessel temperature matters

SeUINroOAPI

P

inlet_tem

304

28

26

241

22

204

184

Temperature control of an empty vessel

« Seasonality effect

* Higher wall temperature during summer

X N « Material evaporation during charging

T
10

T
15

Timestamp index

T
25

30



Surprising results — Task duration can also affect the yield SUINOAPI

Yield influencing task
durations

1500

The task with most variation is may not influencing the target KPI

1000

v' Same target conditions
500+

x Different durations

Duration (mins)
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Summary

1. Yield variability often hides within normal operation
2. Visualization is important
3. Batch processes must be analyzed as time-dependent systems

4. Statistical Process Analysis supports process understanding

data — understanding — better decisions

00/00/2021 — Name of the document
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Definition of SPA (Statistical Process Analysis) euro

SPA: A method for evaluating and understanding variability in a process by analyzing data from production or quality control.

Desing of Experiments
It enables:

Statictical Process Analysis > Data-driven decision making
» Improvements in efficiency and quality
identify variations and

Claly

trends in the process. Q% @ A ﬁzer
ETZNE -

Reactive, diagnostic @\“ QSD

Nestie TOYOTA

- - Statistical Process Control
Focuses on historical

production data to

Challenges in the Chemical Industry:
» High complexity: chemical processes involve complex reactions and dependecies >> hard to identify isolated causes.

» Data Volume & Variability: large data sets, multiple sensors require advanced analytics. >> redundant information
» Compliance & Safety: strict regulatory standards add complexity to process changes >> partial correlations
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