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Leveraging Data Analytics to Support Merck’s

Journey In Continuous Manufacturing
: « Laura Wareham
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* Merck
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e Lisa J. Graham, Ph.D., P.E.
* VP Analytics Engineering

« Seeq
 Lisa.graham@seeq.com
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€9 MERCK

About Our Company - Merck

&

\Y VISION

To make a difference in the lives of people globally

BUSINESSES

HEADQUARTERS
EMPLOYEES

CORE PRODUCT
. CATEGORIES

PlWorld san Francisco 2019

W through our innovative medmmes vaccines, and animal

and are dedlcated to providing leading innovations and
solutions for today and the future.

Pharmaceuticals, Vaccines, Animal Health

Kenilworth, New Jersey

Approximately 69,000 worldwide

Diabetes, cancer, vaccines, hospital acute care
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About Our Company - Seeq SeeqQ

FIND WHAT YOuU SEEQ

Application

Subject Matter Experts Faster insights
Teams and colleagues Knowledge capture
Managers

Dynamic reports

Value from Pl Data

Advanced Analytics
Rapid install on PI

Keep Pl as system of recordll”
Extensive integration

Big data
Machine learning
Cloud or on-premise

OSlsoft

PlWorld san rrancisco 2019
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Advanced Analytics for OSlsoft Pl System

OSlsoftTloudd
Services

warr

((( PiData arcve) (48 7.
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Agenda

* Welcome & Introductions
« The Challenge — Big Data in Continuous Manufacturing

* The Solution — Use Case Examples in Pl & Seeq
« Diagnostics and Root Cause Analysis
« Monitoring for Early Detection
* Predictive Strategies for Ensuring Operational Robustness

* The Results — Supporting CM & Knowledge Management
 Looking Forward & Acknowledgements

7 0Slsoft
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. e
Continuous Manufacturing

“A process in which the input material(s) are
continuously fed and transformed within the
process, and the processed output materials
are continuously removed from the system...
An integrated process that consists of a series
of two or more unit operations.”

— FDA Draft Guidance (Feb 2019)

Smaller equipment footprint

0Slsoft
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Merck’s Continuous Manufacturing Process:
GEA CDC-50, ConsiGma Coater, Bruker TANDEM

& oSt Link to GEA ConsiGma™ DC Video
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https://www.youtube.com/watch?v=BqDdkMMQR9k

S . /A
Equipment & Manufacturing Layout Overview

Docked IBCs

Raw Material Charging

Transfer and Docking

Second Floor

First Floor

Bruker Tandem Distribution Arm

0Slsoft
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e Challenge
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Batch

Continuous

Batch and Continuous Manufacturing

s

Off-Line

Release

Sampling Testing

4 hours 2 weeks

Amount of Data Collected

Batch

23 >

Time to Process and React

Real-Time Automated Integrated :
Process In-Line In-Process ngllé'lz;lsrge
\lelglite]glgle Sampling Testing

1600 tags/sec =
23 million points

OSlsoft.

PlWorld san rrancisco 2019

1 day
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The Process Data Reality

Disparate Data Sets Analytical Challenges

Pilot Scale ;

CPP

e
Calculations

PAT

Contextualization

] 2

Comrlnercial

0Slsoft
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e Solution

/ 0Slsoft.
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The Solution Connect the Team to the Insights

Connect the Subject Matter Expert to
Interactive, Intuitive Applications

// / \\
@ Contextualize

‘ |

|
‘I |

‘w\‘ f‘.;‘
\
'\ /

@

@ Investigate

PlWorld san rrancisco 2019 #PIWorld  ©2019 OSlsoft, LLC 14

« Enable collaboration
Highlight key insights
Document analysis steps
« Update in near real time

OSlsoft



Solution Demo

7 OSlsoft
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Advanced Analytics Examples

uc 2017 UC 2018 ARC2018 UC 2018

Investigate Optimize

CIP Analytics Truck Haul Planning

Determine CIP requirements and then Calculate optimized plan for oil pick
monitor for adherenceto plan up across oil pumps and track volume
Benefit: Increase Uptime Benefit: Improve Efficiency

Recover revenue Crystallization stage

Find value of curtailments across Identify time of state transitionin
6,000 windmillsover last year batch process to improveyield
Benefit: Increase Revenue Benefit: Increase Yields

0OSlsot.

PlWorld san rrancisco 2019

Abbott
Beistol-Myers Squibb Nutrition

ARC 2016 T&D 2016

Predict

Sewage Overflow
Detect sewage pump issues 12 hours
in advance of overflow

Benefit: Prevent Contamination

Price Elasticity in Grid
Create model to define expected
power use based on price
Benefit: Improve

Resource Planning

Leverage knowledge from other industry verticals to the benefit of pharma

#PIWorld  ©2019 OSisoft, LLC
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The Solution

Diagnostic Monitoring Descriptive
Why did it happen? What is happening? What happened?

...........
....
. .

Predictive | -/ Prescriptive

E il
: What will happen? / A What should happen?

.
. .
.....
.....
.........

Benefits Benefits
Avoid downtime and Advisory real-time and

affiliated losses of i : prediction view of process

through root cause analysis and asset status

A Benefits

Near real-time distribution
of insights share and inform
plant-wide decisions

.
. .
.......

----------

Benefits Benefits
Increase revenue by Evaluate options
maintaining nearly 100% to make decisions that
OSlsoft uptime at lower cost optimize outcomes

PlWorld san rrancisco 2019 #PIWorld  ©2019 OSlsoft, LLC



Seeq Architecture

Seeq Workbench Seeq Organizer

HTML

5|

On-Premise or Cloud

SaaS Option on Azure

1 or many sources
@ os: @ os: (@ os: " @ pfc . '
Time series AND context
(@ osi @ osi oRACLE @m:n..m /s k‘zif;;w“ -':.:':-&m .
Data not moved/copied

0Slsoft
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Advanced Analytics for OSlsoft Pl System

: QE PI —_ PI PI
<< Pl bata Arcm@ AF > Event FrameD Notifications > Vision
OSlsoft
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Advanced Analytics for OSlsoft Pl System

| I-—‘Lq Event Frames Pl @ Pl

Notifications

Advanced Analytics:
Data Cleansing

Ad hoc Contextualization
Collaboration

Knowledge Capture

Diagmostic, Descriptive, Predctive
Analytics

e ach e e 3 W Lo ~ s £ ® =
v E R i
z40 e e samch
v0

. PI ] Pl . PI OslsoftTloud
@ Pl Data AI’ChI@ @ AF > f==—{ Event Frames Notifications > ® Vision st
0OSlsoft o
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PI ProcessBook Dash

Material Handling Display

boards

Feeders Dashboard Material Material Material Material Material
1 2 3 4 5

Material
6

Weight 1.89068 kg
Min leve 1.000 kg
Vent Vent Vent
Feeder 2 Feeder 3 Feeder 4

Feeder 5 Feeder 7

Vacuum
Vibrator

C ED
Top up | [RERRING Stopped

Refill Vslve.

Aotor Speed 8335 rpm

‘otal Weight 5.24303 kg 0 kg 7.0808 kg 0.26228 kg 0.12428 kg 0.37288 kg

sP
4
Sprayed

T2 Air
Rel Hum
| Temp SP

o 77

Spray Rate.

Coating

T OSlsoft
gs‘ Pl\World san rrancisco 2019
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e Results

/ 0Slsoft.
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. e
Diagnostics — Insight into Performance

Diagnostic Monitoring Descriptive
T Why did it happen? What is happening? What happened?

T

) WA Y ',-': il " K

ke amins  Predictive | 7 Prescriptive .

’\ What will happen? { /\ asouappen = =
— ) C— . w v

Benefits Benefits PN Benefits
Avoid downtime and ,\ Advisory real-time and o g Near real-time distribution
affiliated losses of B = B predictionview of process . of insights share and inform
through root cause analysis and asset status - plant-wide decisions

' Benefits Benefits
Increase revenue by Evaluate options
maintaining nearly 100% to make decisions that
uptime at lower cost optimize outcomes

Identifying Opportunities for Avoiding
4 Downtime and Enabling Preventative
/ : Maintenance

OSlsoft

PlWorld san rrancisco 2010 e_g_’ Nozzle Fou"ng
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Confirmation of Process Robustness:

Impact of Raw Material Variability on Tablet Press Performance and Tablet Metrics

* Tablet Press
"\ + Final Compression Force
 Calculated Dwell Time (ms) — Final Comp. Force
 Calculate Dwell Time (ms) — Pre-Comp. Displacement
 Displacement Sensor- Top Roller Compression

| - Tablet Metrics
 Hardness

* Weight

* Thickness

0Slsoft
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Enabling CM Robustness with Seeq and PI:

Selection of Process States and Modeling Within a Single Run
Tablet Press

10 Connested MRK-CDC_100mg Update - oo .
=

@ % = Ol e I % k. g od ©

) # lasls & twmal
& ediling Sarve]
B+ == 1=

weighing Avg, Tablet Weight Duning Normal Operation, Tablet eight - run 2 Lane &)

. . - _ -
GOAL: Investigate the impact pos H
of changing the Avicel lot on Welg ht
tablet press performance and
tablet quality

OBJECTIVE: Compare tablet
press performance and tablet

quality metrics
Hardiness Avg, Tablet Hardness During Normal Operarion, Tablet Hardness. - run 2 (Lane 7

Starting View: _

o it s 3 s Hardness

apsules fur eath run

\onmg oot s
o2t - °
e EETS L e e e = select views:
- s =
Do viwass U U L
Lo st
sty ]
oo o bt “--- o hickness Avg, Tablet Thickness During Normal Operation, Taslet Thickness - run 2_ (Lane
iy menns Analysis to Define Operating . ——
- Boundaries: ‘ I —

« agltss boundaries Lo gachol the thres talsist

. Thickness

B L 12 sl (Tasfen]

- —— . - Tablet Hardness 0o
e ke « Finalview - All Three Metrics \ = LUK RRIERTE I 17302018 17:46 PM ST
o

st COE LT, = Guerlay signals from before and after the . o ' " o ‘ . o e - o N N )

Avicel lot change that occurred on
Comments > -

ostet Correlating Tablet Metrics with Process

PlWorld san rrancisco 2019 #PIWorld  ©2019 OSlsoft, LLC 25




Enabling CM Robustness with Seeq and PI:
Connectivity of Sequential Unit Operations

MRK-CDC_100mg Updated - Connected Unit Operations - o B B cetin
h BRI, & Bk B2 Nz 2w koo
S EI Lo e Unit 2 CDB Average Feed Facto Feeders
!

Foocers Connected Unit

Operations: l WU LA
Continuous Material ps2

Manufacturing

PRI, g R P Speed sensor-Blender | Process Value (PV)
- gshsl:s::stll.lv:s:tream impact on . | J gur tul B Ie nd e rS

Starting Signals - View

Tablet Press downstreEm perfcrmance W‘th‘n 101 Speed sensor-Blender 2 Process Value (PY)
- the solids dosage manufacturing || ' | WUt Tur L
train.
. _ Analog Contrller Motor - il cam positon Process value
: LT U
— : I WU T

‘|~. NGE “ L -—L . '[ 1 ﬁ& — ‘}‘ Calculation level - CB2 PAT stack Process Value (PV) P reSS

s value

Unit Operations

» feeders

= Tablet Press

0
= Blenders 38

5
= Coaters N

| ”J iy 1 1 | | ablet Press ModeSelection
| ol Tu !

. ”[ J ‘ — Analog Control Valve Coater 1. Atomising air pressure Process value
! Al ——— o d LA LA v

—

R = "N , T E—— | Coaters

Process Overview

~——————r

X 10:30 pm 1:00 p 1:30 pir Jan 30 1230 am 00 am 1:30 am 200am 230 am 300 am 0a am
4 172972019 10:13 PM ST oA s bW H S
[ v =
! . [

1 19019 82 hours

0Slsoft
PlWorld san rrancisco 2019 #PIWorld  ©2019 OSlsoft, LLC 26



Confirmation of Process Robustness:

Impact of Raw Material Variability on Tablet Press Performance and Tablet Metrics

Tablet Metrics (Tandem):

— Leverage Statistics to Compare
S— Pre- and Post- Outputs

9
T Add Boundaries

U uu I

v

—— o ——— — o

Lo
. L AT

200em

T Run 1 RUn2

Avicel raw
material lot
changed

OSlsoft

PlWorld san rrancisco 2019




S e s /Y~ /A
Confirmation of Process Robusthess:

Impact of Raw Material Variability on Tablet Press Performance and Tablet Metrics

- W B B cetiink

&

i Seeq

10 Connected

100mg Updated - Tablet Press- Run 1

& Jeremy =

+

Blenders

Tablet Press

Coaters

Connected Unit

Operations

Performance

Tablet Press-
Avicel Impact
on
Performance -

Scorecard 2

Tablet Press-
Run 1

OSlsoft

PIWorld savsrancisco 200 Tablet quality metrics remain within specs

= Data

& viewing

# Tools & Journal

GOAL: Investigate the impact of
changing the Avicel lot on tablet
press performance and tablet
quality

OBJECTIVE: Compare tablet
press performance and tablet
quality metrics

Starting View:
Time Range: Jan 23, 2019 7:56 AM - Jan 30,2019 10:44 PM

Create Capsules for each run

0mg_20190129-17h33m
0me_20190130-6h36m

Select Views:

Calendar View

Analysis to Define Operating Boundaries:
+ Added boundaries to each of the three tablet
quality metrics
» Excluding time periods where press is not
operating in desired state

Scorecard
+ Adjust boundaries to exclude when press = off
 Tablet Hardness - run 2_Stdev (Tandem)

LTI

% = U T [ ». k. @
Calendar  Chain  Capsule Onelane OnevAxis Spread  Labels Dirnening Annotate
-
——— — — — — —

y Calculated dwell nme (ms) - Final compression force Process Value (PV), Calculated dwell time (ms) - Final compression force Process Value (PV) (Lane 1)
20 iy h“wa—lh LI. |

I | Y
. Farce element - Fiection cam Process Vajue (PV), Force plement - Ejection cam Process Value
. . . A
’ Iy v iy o
. | LMM ‘lﬁhﬁl |||.“_J, w]f,‘ L
) I| (. I

Analog Controller Motor - Fil cam position Process value, Aialoa Controller Motor - ill cam position Process value

T Il 1]

Tablet Weight During Normal Operation, Weighing Ava, Tablet Weight - run 2 (Lane 4)

Tablet Hardness During Normal Operation, Hardness Avg, Tablet Hardness - run 2 (Lane 5)

Tablet Thickness During Normal Operation, Thickness Avg, Tablet Thickness - run 2_ (Lane 6)

Run 1

Final View- Tablet Hardness
Final View - Tablet Thickness
Einal View - All Three Metrics

inal View-

Comments

& 1/28/2019 3:13 PM PST

Ry

n2

Ladays b M M

] 1/30/2019 12:13 PM PST

1 2

om | LIRS

+ 12812019

1.9 days

1/30/2019

M cap:

Avicel raw material lot changed;

#PIWorld  ©2019 OSisoft, LLC
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Knowledge Management

Analytics Process

Sharing workbooks Real-time

- ®
llab
ﬂ\ — T . &

o/
[

Knowledge capture

Application Requirements:
 Enable collaboration

* Highlight key insights

« Document analysis steps

» Update in near real time

* Providing lab to pilot to commercial
connection of results

OSlsoft

Seeq Organizer Topic

PlWorld san rrancisco 2019

#PIWorld
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Looking Forward:
Knowledge Management From Lab to Pilot to Commercial

R ——

Equipment Feeder
Configuration

Performance

Raw Material Downstream
Attributes

Feeder —
Database o e

SIS

Mass flow (Lane 1)

=k llnﬁmliilmumhl

Seeq Organlzer Toplc Feeder Research Lab
E’sisoWOHd SAN FRANCISCO 2019

mmudllllumm|||nummnmu|immmmlumnunmm[rnmmlﬂumu
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Future Work

Unified analysis and knowledge management across sites and functions

\

‘ Integrated PAT and automated spectral analysis

|

‘ Automated RTD analysis

[

Preventative maintenance plans supported by data

N

Real-time process monitoring beyond product launch

N

0Slsoft.
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Summary of
Merck’s CM
Journey

Collect, analyze, interpret, and act Utilize Pl Datalink, Pl ProcessBook,
and Seeq for trends, analysis,
visualization, and knowledge

Ability to support real-time process

on 1600 process and analytical tags' monitoring and performance

collected each second diagnostics
management
* Representing production areas and * Application across development and * Complements CM — highly automated
QC labs commercial manufacturing and integrated processing
* Significantly more data, less time, but ¢ Cross-functional (operations, ¢ Long-tel.rm knonIedge c.:apture strategy
more opportunity to respond analytical, PAT, etc.) supporting continuous improvement

* Provides an agile, flexible foundation

* Useful over the product lifetime for CM to grow

Seeq 22



Questions?

Please walt for

the microphone i

State your
name & company

& 0Slsoft
PlWorld san rrancisco 2019

Please remember

=
TO DOWNLOAD g

APP, SEARCH
OSISOFT ostuot

PlIWorld

# Download on the ETITON
@& AppStore P> Google Play
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Additional Follow Up: S (EALEBOHA
DZIEKUJE Cl , TAPADHLEIBH AL =SB =
« Seeq #Y23

& saenama MISAOTRA ANAQ =
« Alkemy Innovation #Y17

NGIYABONGA G
TESEKKUR EDERIM 5 OBR'GADO lJS'UJ é

= DANKIE reriMakasiH & DANKON Tank TAPADH LEAT ui
+ OSlsoft Booths 5 CI[TACUBO MULTUMESC
A OSlsoft. < FAAFETAl
<o PAKMET CI3lE PI W | <_El
GO RAIBH MAITH AGAT 2 or d S ESKERRIKASKO

snArogAras GRACIAS g TH AN KYO U ?E;\Iéﬁbé EBISJI;\R E;AMM

TW BJTATOJJAPAM T =
A m : < oanke  EYXAPIZTQ GRATIAS TIBI 3 A
CknOWIedge entS LAk EANGE = 2/;0 JEALAMAT MAHALQ IA ‘OE  TAKKSKALDUHA &5 95 MESZ|I E

RAHMAT MERCI coozr v £ supresz20ELE T bakun

: BOb Meyer . HATUR NUI-,I,UN PAXMAT CATA g SIPAS JIWERE TtermakasH MATUR NUWUN
* Frank Witulski CAM ON BAN Z UATSAUG RAU KO
« Anthony Tantuccio WAZVIITA Z Zeionsea

Jeremy Graham
Many, many others...

0Slsoft.
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Thank You!
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