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VISION

To make a difference in the
lives of people globally through
our innovative medicines,
vaccines and animal health
products. We are committed

to being the premier, research-
intensive biopharmaceutical
company and are dedicated

to providing leading innovations
and solutions for today and

the future.

MISSION

To discover, develop and
provide innovative products
and services that save and
improve lives around the world.

MERCK



We believe

it is our responsibility
to address the health
needs of patients and
society through

transformational

science: delivering ,

vaccines, medicines e
and-animal health o -Aqua‘dﬁfh;ﬁ |
products that can By )
help millions around Equine.
the world.
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Background - OSlsoft and Merck

* First OSlsoft Pl implementation was 1993 (26 years ago)
* Pl is at ~ 18 sites around the world

« Manufacturing, Research, and Utilities

* >700,000 tags

« >400 interfaces

* >200 servers

« 24X7x365 availability

* >1000 users
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Background - OSlsoft and Merck Biologics
Process Development

 Historically used primarily for continuous time series data
» Bioreactor controllers
* Clean utilities
» Chromatography
« Initial implementation for pilot scale and now includes bench scale and mini automated
bioreactors
» Stainless Steel 650L reactors (Delta V control)
» Xcellerex 500L SUBs
* Thermo-Finesse 200L SUBs
+ Sartorius Biostat B-DCU 3L reactors
» Sartorius ambr250

 Biologics PRD server:
« >25,000 tags
« >23 interfaces
» 24x7x365 availability

! 0Slsoft.
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Biologics PRD Use Cases and Displays

. Remote monitoring . Batch comparison . Lab floor displays
. Process investigations Multivariate data . Utilities monitoring

analysis (SBOL)

7/ / /
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Pl Vision with AF - Collections Pl Vision with AF — Event Frames SBOL (multivariate analysis)
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Overview of Manual 3L Reactor Operations

* Bioreactor controllers generate
a lot of process data:

* Temperature
DO

° pH

» Agitation

Air flow

O2 flow
CO2 flow

* Etc.

» Already available in PI system

« BUT this is only part of the
picture....
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Overview of Manual 3L Reactor Operations

a0

1. Sample g N 2. At-Line Analysis
-clear dead leg -blood gas
-collect sample -cell count
-nutrients/byproducts
-osmolality
3. Retain 4. Feed
-cell removal

-fixed or calculated volume

-supernatant at 2-8C -multiple feed solutions per tank

! 0Slsoft.
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Overview of Manual 3L Reactor Operations

« Sample analysis and feed data
export/import or manually

- | transcribed to notebook
= At-Line Analysis

A=

\ 1-| Sdamlg'le « Manual data aggregation for
clear dead leg -blood gas visualization purposes
-collect sample -cell count
-nutrients/byproducts
rosmolality « Challenge:

« Rapid remote monitoring or batch to
batch comparison of discreet data
combined with reactor control

3. Retai 4 parameters
cell refn:\',; F 'm | 4. Feed « Some sample analysis
supematantat 2-8C ) - Al -fixedor calculated volume instrumentation challenging to
P /  -multiple feed solutions per tank If:]t‘]e%rtaéﬁsd:aeﬁg I\}g E\gtrﬂ?n?nt
imitati

communication protocols
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Automated Sampling and Feedback Control

Metabolite analysis oo
-ﬁ Dilution

8 x 3L Bioreactors Cell-containing stream

S

Cell co‘unt

Nutrient
Feedback control P

* SegFlow calculates feed based on
metabolites

* SegFlow calculates feed based on cell count

Retains at 4°C-8°C

' NS
)
-P
:

Nutrient
Scale Feedback control
Data

* SegFlow calculates feed based on metabolites

0Slsoft. .
* Controls 2 b tor (16
pl WO rld SAN FRANCISCO 20190n fOIS £ pUmps perbloreac or( pumpS)

#PIWorld  ©2019 OSisoft, LLC 16



Automated Sampling and Feedback Control

» Complex system installed and
expanded in multiple phases
with hardware and software
updates over time

« Weekend coverage to ensure
system is operational

* Challenge

« System health — remotely assess
if automated system is running
as expected, especially after
system updates

0Slsoft.
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Business Challenges

« Rapid remote monitoring and batch to batch
comparison of full bioreactor process: continuous
controller data AND discrete sample and feed data

« Auto-sampler system health: remotely assess if
automated system is functioning as expected

0Slsoft.
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Nutrient
Feedback control

* SegFlow calculates feed based on
metabolites

* SegFlow calculates feed based on cell count

Retains at 4°C-8°C
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Nutrient
Scale Feedback control
Data

* SegFlow calculates feed based on metabolites
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SegFlow Autosampler Lends Itself to PI
Integration

» Flownamics utilized a variety of protocols to integrate the target bundle of devices to the SegFlow

Device Communication Protocol

Cedex HiRes TCP/IP
Cedex Bio HT Serial
Bioprofile Flex OPC
Fraction collector Serial
32x Feed pumps Analog
8x Reactor scales TCP/IP
16x SegMods (32 fluid sensors) Analog

* OPC used for an instrument integration provided the FlowWeb server which could be leveraged for PI
» SegFlow aggregates data by vessel number and can contextualize further with user defined Batch ID

« FlowWweb™ OPC software can create OPC tags from data tables populated with information collected
via all protocols

! 0Slsoft.
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Architecture: SegFlow and Pl System

; Merck

« Network
I

|
Pl System |
I

Local SegFlow Network I Pl Interface B

I
Metabolite Analyzer ; FlowWeb
Node FlowWeb OPC

. |

FlowWeb OPC BioProfile Flex+ 1 OPC Server 1
Matrikon OPC Control Computer + I & Cogent |
[
1

Matrikon OPC Server : DataHub

Seria

Cell Count
Analyzer

TCP/IP TCP/IP

8x Balances SegFlow2

TCP/IP

SegFlow1l

Cedex HiRes + Serial

Control Computer

Analog Analog Analog Analog

16x Feed Pumps 8x SegMods 16x Feed Pumps 8x SegMods
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Implementation Challenge
% Component Sewvices <

%, File Action View Window Help

° Issue: 4= Q | b l [ FlowfNetOPCServer Properties 7ll=] T
¢ BOth Cogent DataHUb and PI 1: g |G\T\::‘ca}:!J:c::r:uils::::fv‘v:::j:zloI::::Zapplicakion?
Interface need to launch FlowWeb . a Critical
P ﬁ @ The interactive user. _
* One launches as local and one as < p—— Setting
SerVICe . ? 'b:‘Thisusel |
C < B .
 Didn’t play well together < I L
o8| s T =
[ ) SOlutIon ii g The system account [services only).
« Critical setting in Component @
Services forFlowWeb OPC Server )
Properties
 For Identity: Set the user account to
run appllcatlon to “InteraCtlve User” Learn more about setting these properties.
[ 0K ][ Cancel ] _ Appl |
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Pl Tools Utilized in Solution

Current:

* PI OPC DA Interface — couple with FlowWeb OPC server from auto-sampler to bring
discreet data into Pl

* Pl Data Archive

* Pl Vision — clear displays to enable remote monitoring and assess system health,
including control plus sample data

 PIAF — hie_rarch_¥ enables quick building of displays, also allowed to solve urgent
problems first with ability to easily add new functions

* AF Analytics — some simple calculations created for averaging vessel scale data,
additional calculations planned

* AF Event Frames — quick comparison of historical batches
Future:
 Notifications

0Slsoft.
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Pl Integration: Remote Monitoring and Fast Data Visualization

SegFlow System Overview
SegFlow2

XB09 (V1) ®XB10 (V2)

XB11 (V3) @ XB12 (V4) V1 IDLE
* \2 IDLE
V3 IDLE
1 V4 STOP
s V5 START
s V6 IDLE
* V7 IDLE
V8 IDLE

Web based

dashboard with
links to variety of
visualizations

®XB13 (V5) @ XB14 (V6)

'XB15 (V7) ® XB16 (V8) V1 IDLE

* V2 IDLE

V3 IDLE

'+ V4 STOP

i V5 RUNNING
' V6 IDLE

S 7 IDLE

V8 IDLE

5/10/2018

5/23/2018 11:00:00 AM



Use Case: Batch to Batch Comparison of Full
Process Data Enabled by Event Frames

» Recent system upgrade to autosampler, lower than expected cell count
« Understand if automated cell counts were real or system issue

 Quickly looked at some parameters alongside cell count using Event Frames
« Temperature and pH from reactor controllers
« Another sample measurement that should trend with cell count

Cell Count Product Titer
Temperature pH
7 0oSlsoft
_ #PIWorld ©2019 OSlsoft, LLC 26
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Results Obtained and Business Impact

* Discreet data, including feed volumes and sample analysis results,
brought into PI system providing a true full process view for
bioreactor operations

« Enabled remote monitoring of control data along with sample/feed data

» Event frames provided time saving approach to comparison with historical
batches

* Visualization built to enable system function check remotely
» Eliminated the need for weekend trips to the lab!

0Slsoft.
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Conclusions and Future Work

 Information silos created by storing different data types in different repositories required
inefficient manual aggregation steps prior to visualization

+ SegFlow automated sample system with FlowWeb OPC Server provided an avenue to
aggregate data from multiple devices, create OPC tags, and enabled PI integration

* New pre-built displays in PI Vision and the simplicity of ad-hoc displays empowered by PI
AF provided time savings on multiple fronts:
* Quick visualization of current process performance
» Easy comparison to historical batches with Event Frames
* Enabling remote monitoring of the system health of the autosampler

* Future work will include:
* Leveraging AF Analytics for additional calculations
* Notifications for autosampler system health

0Slsoft.
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Merck & Co., Inc.

Advantages of Deploying PI for the Collection of Discreet

Data from an Automated Bioreactor Sampling System

Remote monitoring of all aspects
of cell culture process

Information silos:

» Bioreactor controller data in Pl

» Sample results and feed additions in

notebook

» Automated sample and feed system

without remote monitoring

0Slsoft.

PI World san erancisco 2019

Bring discrete data into PI utilizing
an Autosampler which aggregates
data and creates OPC tags

SegFlow withFlowWeb OPC
server

PI OPC DA Interface
Pl Vision
Pl AF

€% MERCK

Time saving visualization of discrete
bioreactor process data alongside
continuous control data without any
manual aggregation steps.

Quick visualization of current process
performance

Easy comparison to historical batches
with Event Frames

Eliminating weekend trips to the lab
with remote monitoring of the system
health of the autosampler

#PIWorld  ©2019 OSisoft, LLC
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