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The opinions expressed in this presentation are my own
and are not necessarily those of my employer.
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Changing Competitive Landscape

It is all about the data

® Merck — smart factories

® Pfizer — connected manufacturing
® Sanofi — digital twins and AR

® Johnson & Johnson — Apple partner




Emerging Technologies

eUFRRY & sefH C&C:
Connection & Computing &EE5i11H

/

_ Platform
Social Media ' o oM

1990 2010 2020




Connected World
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QURRAUEIEERHE C&C:

Connection & Computing iEESiTE




VIR 2200 T
s Is loT the Answer?

Emerging Biotech Demand loT Promise

Standardized, lower-cost technologies
Auto-subscribing devices

Smart eco-system with “location aware” devices
Scalability from PD to Commercial

Lower Costs

Disposables consumables
Reconfigurable shop floor
Continuous Bioprocessing

e o o o
e o o o




«2F MERANER Services

Value Drivers sepport

Resources
&
processes
' Asset
utilization

of a company
Value
market Drivers




< Information flow >

— a strategic requirement
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Organization Customers




Cyber-physical
systems

Sevelas action

Data drives

SEPIHIES anfa] F

HYF

HFERA




Data ltself Makes No Sense...
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during Industry 4.0

luction closer to customers
data standards for

bility
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General areas of focus in Bio-manufacturing:
raEhiz=El £ Large Bio-Pharma Company

® Asset Performance Optimization (APO) &= ll%s

® Digital Performance Management (DPM) £={¢
B

® Integrated Quality & Real Time Release [FEEE

55T
® Smart Factory 8586 L]
® Materials Science ##l%|l=
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HEYHIZS RFEAIEXZE(L Bio-Pharma 4.0

BioPharma 4.0:
the Next Bio-Industrial Revolution
in
Bio-Manufacturing for
Operations Management,
Automation, Process Controls
and
Decision Making y




XTI BifF + EFDRRF

Market Trends & Business Drivers — The Why

5. Small-scale <50L for Personalized Medicine

4. Small-scale <500L Portable Facility

3. Intermediate-scale Multi-product Single-use Fed Batch Drug Product

; ) ) Low volume
2. Intermediate-scale Single-use Perfusion Drug Product

High volume

1. Large-scale Stainless Steel Fed Batch




FoF to Support Next-Generation’s
BioProcessing with a Multidisciplinary Pursuit

Market

Trends :

Business Flexibility
Drivers ¢ o

v v A 4 \ 4

Key Process

Enablers Intensification Single-Use Process Analytics




Modernizing
FoF for Bio-MFG:
A Continuous
Effort
by
the
Industry
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Looking to the Future
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BIOMANUFACTURING INNOVATION

FUTURE BIOMANUFACTURING

)

- ENGINEERING MATERIAL
BIOHARMACEUTICALS MG MATERIAL
FOR FACILITIES

ADD INTEGRATED STRENGTHS IN BIOMANUFACTURING
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Digital Transformation

EXMERP, HFRERAEER (ARERLEERT, BEE—MY) FRE5
BEIRE, MENURIENRAE~DNERIRN, BERE, KA. iEH
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ICT: Information & communication technology (ICT)-enabled technologies
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{EREHIZS 4.0 (B4.0) BXER, :RIW&EASKHE (BCG)
2= BEREMIMLIHAFESIEINIFR (NIBRT) |
{EEBtAMEL 7 S biEEeIFRG (1CO)

Digital Innovation Center in Operations.

e Evolved Upstream o QC Laboratory of the Future
& Technical and I £ 'RFID‘sIampIe
aa behavioral VR training 2 W = Identification
' o pose ' ~ AR-guided
’ L2 i1%! Big data analytics . % @ "9
‘,er “ '}'Iv 4 $iigs 019 Y - a & L‘J QC testing
4 ' .8, AR process performance and . > ;
fp ARP P v Y Dynamic smart
¥ remote maintenance “_ y 4 scheduling
@ pic € S €3 solvace F Tensor ) S N Fon iMping @eocs N TULIP

© Advanced Fill Finish © QA Center of Excellence

= Process mining
=5 and optimization

€ Training Excellence
(=] Automated line metrics

& Diaital bi ; 7N
N : = Digital pilot plant in tl‘ Roboti

g, ] 184 i . S . : Pl W .. Robotic process

oo .ﬁ’r W Slodata analyties Q virual reality ] . ¢ L optimization
sy fl /gy AUtONOMOUS center By M., VR Behavioral training 57 Scheduling and

87 lining and maintenance g
VR Technical training o . ) fime management
;kplbench @ pfc celonis © GAMMA L TIMZULAR @nmncs
’ S
N ME R‘S"U‘S\"-\’
CyberTwin TN
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Digital Transformation £{=7{¥ &k

Revenue

Digital Product
- Products » Innovations-~ Improvement

TP » Data Driven ‘ New
OoYO Services Services

Digitally Enabled Operational
Operations Excellence

Cost Reduction

Accelerating the translation of promising R&D
into commercial adoption in

biopharmaceutical manufacturing.

22




Digital Transformation £{=7{¥ &k

The Data Transformation Journey: Meeting Specific User Needs

Re-use - —

Data ) o Q L“

- O O p _“ HL ¥\
" h 7 54 INTERNETof i
i , e & o )

Use Engineers ‘& =2 o T _II_NGS“ ¢

Data Operators @B =
Capture

Data

Historian/ Real-time Decision Advanced
Report Support Analytics

23




(SRR, aIfift (fEFoF REI)

Today Tomorrow
Pl'ProcessBook
Display Editor
Process Monitoring

Display

=i Process
Dashboards Monitoring

Advanced Ad-hoc
Charting FO F Analysis

Data Input Notifications

Pl Coresight
Ad Hoc Analysis
PB Display Viewer

Pl WebParts
Dashboards

d
Pl Manual Logger
— Manual Data Entry

Reporting

24



HFBAENEEN R, SERWERITHRRFERPSBFEFCRMES,
GIEEHIRFHPCS, HEFEMIRNEEEERRALIMSHIER. XNMFES
BT FmiIEEMFG, HENQCHIITQA. BRIFaXNEREE, LIS
FRENHI T SHEIL,

2XBENRSE, JLISHE:

o FIA—XIESSFMEFEE, REEFER, JLUREEHICEME.

o SANREMGMPEFEE, ATFHIiE: mRNAZY. EHEFEHZG. TEGm. ME
{CERERE (PCV) . KRR,

o [FRIAEENEREIS

o %, MREHFETMHR A=
o i~ mENREEHICRE

® mELNE

o MBHISIEFEF~AIPiXER

® IR MRNARYE =5 ]

o ERARMRS, SREAKIIEIIAK

25




MR RESFIEHMHARE, KiEFRISNRENSHIERENGELE.

FOFiZiES i RERREA. SRIUBRAARIGITINRRIGIZN, ZSiEF AR

FHCRG=HIFBEEE, SEIRERREAMAYFENAESRPEHIRFIS R SEFREM.
BFREATEMXLERIRHGE, HEATSEGSEMES, BFLTRFRENTES
ERANALRE, BEEHRNRBESEFRED,

ARANZIEASFIATEAR (1oT) FEVHFHAR. ZBEEFIEPRIATTH
&2, FOFEBEREMRMN—RELSHELMESHNREEES, FHEE~m~E.

BT EMHS T ZNARMNITEE T XKERNEIRE. mithiiahiERHEHSHmaE
(g8, BEEME. SIESHRATIIESNASERZEREMFIELI h, E9H
ISSHERISISTISRIEEREIER. SFURIRES TEZAL FlREM IR
RIS SRR I DT RS, LAREIFEER, R T— (LRI aEENHIES.




FoF 8Elt R E
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- HFWEE, BIST—RIZNARMEDSnEIE

- HEZMEREE: Process Development, Analytical Method

Development / QC, Tech Transfer/GMP Manufacturing,
Regulatory Compliance, Outsourcing, Project
Management, Operational Excellence OPEX
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FFME 15

Digital transformation of the company is a deep transformation

Structure
Customer . .
Interaction & Manufacturmg_, Product & Service AT
. - Product & Service Mgmt & Employee
Relationship . Development Productivi
Mgmt Delivery roductivity

Data

29



N

+ Cyber

Physical
sensor

Systems
/ . ToT
ﬂ platforms
KETs
(Future) Intcrne‘ x Blockchain d

Advanced

Bivengineering
& Synthethic

4G (5G) Mobile biology

broadband '

Data Centres

3D/4D Printing )

New Compuling
Technologies —

{

Robotics

Augmented, Virtual Quartim Comp.
ﬁ-/ Reality or Mixed
High perf. Healily )
Drones

computing

Social Media Listening ToEverything \ Geo-engineering

~ 7

Neurotechnologies

Fourth Industrial Revolution

é;_/ Physu::fr\»%i1

Bmloglcal >
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=, R REI
Efficient and flexible FoF

Smart supply network

Efficient supplier network that enables
optimized decision-making

Integrated sensors in process
stream data continuously

Real time analytics with own
engine for decision-making

Mobile workforce

Workforce enabled with wearable technology
uses ARVR

Digital-physical systems |
Advanced robotics and 3D printing
complement processes

Advanced materials

Nanotechnology and new materials
used extensively

Smart products

Products carry information
to manufacture themselves

Smart products

Customer interaction through
the process chain
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Technologies

Internet of things Advanced analytics and Al AR /VR / wearables Advanced robotics 3D printing

Value drivers Challenges

T Technology
Indwidual New skills Technology-augmented operators readiness

0y _o? Security

L]
ﬂ‘ Society Accelerating sustainable production
I

n

Industry — . Productivity
ﬁg . Smart processes and engineering and efficiency
.9

Standards

Smart innovation Interoperability

Data

Digital orchestration manarement
of the supply chain

Smart and new value creation management
personalized products Capability

development

Smart structure, New business Digital experiences
location and scale 2hi/ 2 L S EAPETTETRES
. . models Culture

Firm Operator-machine New growth and Change

32



Information Technology with Operational Technologies

1970s:
Information Mainframe

technology

1990/2000s: )
Internet, ERP, ﬂ"mm state . automahoh

whs. MES, etc. Ve
Market factors: y N

* Increasing degree of automation
* Adoption of lean manufacturing and six sigma principles
* Arrival and integration of enterprise [T systems

ﬂmﬂﬂs:
Fieldbus

protocols/TCIP

e Convergence of the two worlds

Remote /0, is creating a huge opportunity

Industrial 1Q7OS: N Logic control & : o
automation Direct digital control production through

Note: ERP: Enterprise resource planning; MES: Manufacturing execution system; TCIP: Transmission control internet protocol; 1/0: input/output.




MFG
Technology:
connectivity and computing,
analytics and intelligence,
human machine interface,
digital physical
Transformation, advanced
materials, Advanced
manufacturing processes;
manufacturing philosophies,
sustainability.
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Development of AI and its future state

100% Level of human involvement 0%

lllustrative examples  HTNEEEEEL RGN Machine learning Machine intelligence

Cognitive mode | Rule-hased Supervised Unsupervised Unsupervised Self-aware
inference leaming narrow leaming context-aware learning | unsupervised learning

Natural * Spell and grammar * Voice to text dictation e Personal assistaﬂ! -time « |dioms, sarcasm,
language check apps for basic e and nuance articulation,
processing voice-based Q8A ation intonation
* Inspection of fruit * Facial recognition * Complex * Digital security agents
defects with infrared  * Identifying verification ~ (e.g. video * Autonomous

images by fingerprints search) exploration agents
; * Industrial inspection  * Fraud detection * Disease development
' ‘ Pattern based on rules (e.g. based on and prediction of
recognition on faulty functioning historical fraud infections
patterns)
R . * Diagnostic = Predictive * Failure prediction * Search engine
{ a:somng maintenance maintenance in mission-critical answering questions
! zntimization for machinery and systems instead of giving
P vehicles search results

- T . 2030 and beyond

“Al will be good at
specific computational
tasks, but we are far
away from general
intelligence.”

—

“Every object will
become context-aware,
reactive to your needs
and ultra-personalized
thanks to progress

in AL"

—

“General intelligence
requires a different set
of non-deterministic
computing architecture
than what exists
today.”

—
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Restricted

substance

Make product Distribute product

® @

Consume product

A

Finished
good

Raw materials (APIs, fillers, etc.)

insvl:e‘r)]It):)Yry Manufacturing line Packaging

Blockchain
addresses

o

[\

=0 \

Shipper Wholesaler Shipper Pharmacy Consumer

+ = Token created

/ = Token consumed (burned)
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MFG Process &£/~ T Z itz I0EIRn

LiFFRY

HiEESFEGUEAERERTTE,

PR
EREFEESENRENSRERESETE

o B ATEnTRESEENE e
Development 8.

1gHnE
HNEERENEN, UFEREERE
.

Media Preparation

HBEEFEN
BREFEFESERESSRANER =

BT EANEEATE.

Cell Culture
Monitoring

Tl

EEERRIERNITE, FIRISEMiTiE, L
RECRNGEN~E,

EEElE
BEEENRSTETEE, LisTat

Buffer Bl REEEREHEE.
Preparation

eiE5iE
{FIFEREERI AR, FHRIFIER R
RErREENEE.

Chromatography

R
S RAE R IEE S RORE R LA

REHME, FLUERNRERERREETT
ERF=E.

Buffer Exchange

w3

WEEFIAEAPFIMREFENRE, LRERSESM
EMER

EBAFE
RHErRENEER. LErEsr.

B
SEME FRANEERERERE. WARSS
BIENBIEMSY. m e SBaEE.

Final Formulation

HEHIEE
FEMFRETUE, LB\ FREEE

=3

Filtration and Fill
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EMHIESRIR RIS bE % 0

depth hitration

FoF: The facility of the future A e

filtration, and storage systems  connection

1 L L disposable - Hold vessels
T fuidpath (Bags)
<entrifuge

Disposable

Disposable shake flasks axpansion
reactor

FoF: Beyond fowwiiy=—a)
MFG Process - . e

Y
Dbpozabie (bag) Disposable fluid path
purification system

Disposable production bioreactaris)

Hold vessel
mixing tank

Disposable fluid path

D (bag)
purification system
Aseptic
_ camniton [
Al 0.2Pm ——  0.2-um
Y A~ fiter [
(=1 n &(.y(z'
= e = %
Holdvessel ~Disposablefluid Hold vessel Sterile bulk fill
friv path UF/DF system (bag) and sampling bags

Buffer preparation using disposable
mixing, filtration, and storage systems

Bio-Manufacturing
Organization




=S ER988E{C Manufacturing Intelligence (MI)

Right First Time

Processes are defect-free and free
from workarounds. Visibility to
poorly performing processes and
methods enables the organization
to align on improvement activities.

Targeted Continuous
Improvement of Mfg
Processes
Leverage data from internal and
external sources to enable long
term process improvements and
cross-site comparability. Utilize
dashboards to identify and
measure the greatest improvement
opportunities.

Countinued Process
Validation Life Cycle ,,QbD“

Clearly demonstrate control of risk
to product quality and assure
continually that the process
remains in a state of control.

Sustainable Process
Knowledge

Easy access to technical and
production documentation.
Centralize and share product data
and know-how across the functions
and across sites.

Real-Time Predictive
Process Control

Real-time control and optimization
of the processes and alerts through
predictive analytics allows
operators to adjust parameters
enabling higher yields and reduce
loss

Enable Learning
Organization

Enable continuous learning
throughout product & process life-
cycle to learn from development
through qualification and
commercialization across all
functions and networks.

Optimize External
Manufacturing Process

Evolve to a seamless distributed
external partner network through a
free-flow of data exchange,
process collaboration, and product
knowledge enabling early detection
& improvement, oversight, and
control visibility to performance

Predictive Maintenance

Utilizing a connected factory
(Internet of Things) and self
diagnostic capabilities, monitored
machinery has the ability to ensure
predicted product quality and
automatically schedule just-in-time
(JIT) maintenance and calibration
to minimize equipment downtime

Core Asset: process /equipment data and product knowledge
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EVIHIZORIR R TERITIEE

Functions of FoF

=

Descriptive

Visualization
Dimension reduction
Abnormality & Trend
detection

Alert systems

iZkh T

Diagnostic Predictive

Process Forecasting
Understanding Soft Sensors

Failure analysis Simulation & Scenario
Trend & pattern analysis

explanation Maintenance
Decision support Planning support

g

Prescriptive

* Proactive decision
support

* Process Control

* Process Automation

Smart Factory

Model complexity




Requirements for the FoF

Lean
Manufacturing

Green Design

Closed
Processing

Single-Use

Risk-based

Modular Compliance

| Construction

Continuous

| Plug-N-Play
Processing

Operations
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Sanofi, Location: Framingham, Massachusetts, USA
Project: Sanofi Digitally Enabled Integrated Continuous
Biomanufacturing Facility

FOYAI

Facility of the Year Awards

CATEGORY WINNER
Facility of the Future




® From the early design phases Sanofi was dedicated to incorporating a full set of lean
operations principles into the design. They have broken new ground in digital integration.
The entire facility is run using a comprehensive suite of digital solutions.

® Plant performance is managed through electronic boards that allow real time visibility of
performance metrics

® Issues are automatically escalated

® Trending of key metrics is available on electronic boards throughout the facility

® Full integration of PCS, MES, Historian, ERP systems with automated data transfer
® Electronic work instruction using pictures and videos

® Fully electronic batch records enabling review and release by exception

® Wireless instrumentation and RFID technology

® Common user interface and user experience across all suites, processes, and utilities




Digital Transformation £{=2{¥ &k

They have pushed
the concepts of digitization
to fully integrate

process control, data collection, and analytics.

This combined with a commitment to a "born
lean” design philosophy has created an
industry factory 4.0 lighthouse.
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Digitally Enabled Integrated
Continuous Biomanufacturing Facility

Factory of the Future at Sanofi

Integrated
Industrialization

Connected
Equipment/

Plant

Framingham
Massachusetts
USA Facility

Teams &

Operations

SANOFI 2

Real-time
Data-driven
Supply Chain
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VAGEP3E 1% FoF ZRFiZhtE

Good Engineering Practice

Product

Knowledge

Process
Knowledge

Operation and

» Requirements i Speciceton mfp Verification i Acceptance mjp Continuous
and Design and Release I t
Regulatory mprovemen

Requirements

Company

Quality Regs.

Risk Management

Design Review

t [t

Change Management

L 22282




What are the overall risks to the business?
System GxP Determination

What is the overall impact of the system?

Are more detailed risk assessments required?

Consider

lteration as required

Identify :nd Define

+ ldentify risks to specific processes
+ Identify risks to specific functions
+ Define controls to reduce risks

REEM B
V-8

P ———
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Digital Transformation Capability Model

Engage Your

Customers

Digital advertising
and CLM

Customer data manage-
ment and analytics

(o

Online and mobile
commerce

Tech-enabled stores

(1)

Empower Your
Employees

Digital talent manage-
ment and development

Employee mobility

Productivity and
collaboration

Tech-enabled employee
engagement

PN

i
fei

Optimize Your

Operations

Data-driven supply
chain and logistics

Digital equipment
management

Intelligent process and
quality control

Digitized front line and
back office operations

Transform Your

Products

Research and ideation

Product development

Product Launch

¥

Y

A
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Technician interaction with Electronic Batch Records (EBRs) using Human Machine Interface (HMI).
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Discrete

process data .
Continuous

process data

Multivariate

Scheduling data analysis

Analytical
data

Materials

Calibration y __

BF hos
EBR
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Btk £F18 The Automation Pyramid

Enterprise Level (Level 6)

ERP
MES Plant Management Level (Level 5)
SCADA /DCS Process Management Level (Level 4)
Local HMI HMI Level (Level 3)
PLC

Controller Level (Level 2)

Inputs / Outputs

Field Level (Level 1)
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Control Flow

Level 5 Enterprise Resource Planning

Plant Lab

sisAleuy

>
0q
]
-
®
ol
o
=
=}
=

Manufacturing Execution System

Process Control System | Lab System

Level 1/0 Equipment Laboratory Instrument

ELN: Electronic Laboratory Notebook LIMS: Laboratory Information Management System
PAT: Process Analytical Technology

mol4 eyeq
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EinElzS B E~RIBRME Bioprocessing in the Digital Age:
The Role of Process Models TZ{EANAE

Phase 0+1 Phase 2

Smart Factory
SCADA system
Control Strateqgy

Design
Digital Space

Challenge: Process Life-cycle

Twin

— 1|

Acceleration through_nfo?éf-based Solutions

Knowledge

Selection Development Validation Production Cont. Impr.

[. =CISaHing ] « Understanding + Edge of failure : Egggg:;gg : L'E(DL

« High . .
Throughput Scale-up Robustness « Active Control Optimization
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End to End, Vertical & Horizontal Integration
Big Data: Overall Data Collection

e ©

BioPHARMA
4.0

Maintenance

Mgmt
SCADA €& . E
PLC B CAPA

systems
Sensors y

Historian

Equipment
e Building

Data

Mgmt

Across the product lifecycle
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End-to-end upstream and downstream

continuous processing
r:fL
Formulation

Perfusion Capture Virus Polishin Product Sterile
bioreactor 4C PCC inactivation e conc. filtration

TFF: tangential flow filtration; HF: hollow fiber;
4C PCC: 4-column periodic counter current chromatography
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Bioveactor Chrification Protein A Cation Arion Concentration miulation
Capture I“.actvatm Ecchange Eucharge me S Ste & Fitration !
Paiting Pefing Findl ; Fermee
L

Intensified polishing compared to conventional AEX. polishing in 2 mADb process, intensified polishing utilizes a SPTFF pre-concentration step to reduce process

volumes and improve resin mass loading,

iCCC (mtegrated counter-current chromatography) DF (dlafﬂtrahon) Lyophil (Iyophilization).
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Vendor
Technology Real time sEEaction
standards Release ;
Supplier
Management

FoF

Project
Enablers Keep Multi-use and

Regulatory

. .. workforce flexible
Harmonisation

capable facilities
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Process Modular & | Automated Knowledge i
Technolo ILM/RTR Mobil Facilit M t Partnership
ay oniie acllity anagemen Management
Reliab.le and cost Rapid release testing Standard Data analysis = Managing
effective cell removal S Facility Design evolve from big Product and
options for higher monitoring | | data to smart Process
density processes in data Knowledge across
biomanufacturing Rapid methods for Robotic the Lifecycle
_ adventitious technologies in
Buffer Preparation detection & sterility biomanufacturing
assurance
Continuous Plug & Play
Downstream
Processing |
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In-Line / Advanced Testing to support

Current State Future State
Category What Where Category What Where
pH Inline pH .
: : = In-line
Osmolality Inline Conductivity
General - General
Color (visual) Color by HunterLab
Turbidity (visual) Turbidity Meter
Quantity Protein Conc by R Quantity Protein Conc by SoloVPE AL
\dentity ICIEF & Binding Assay Ry Dot Blot ID —ine
UPLC-SEC QC Lab Purity/Impurities UPLC SEC
Purity/Impurities | Non-Reducing CE-SDS Safety Endotoxin by EndoSafe
Imaging Capillary IEF
Biological Activity, Binding Assays Purity/Impurities LC/MS Peptide Map
Bioburden (plates) Biological Activity Binding w/ Automation High Tech
Safety Endotoxin (turbidimetric) Lab

In-Vitro Adventitious Virus

Safety

Bioburden by GrowthDirect

NGS for Adventitious Virus
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I3 . MRS, R

Process
Development

| Viral clearance |
| Formulation I

Process
Technology

Upstream
Process
Intensification

ILM & RTR

Rapid release
testing through
inline monitoring

Reliable & cost

effective cell
CMC regulatory removal
| Host cell proteins I Buffer PreparationI
How do you Continuous
demonstrate Downstream
monoclonality Processing

Qualification of
scale down models

Forced
degradation
studies

cMC
considerations for
expedited
development
Ercgrams

Development
outsourcing

BioAssay

Analytics

]

Lyophilisation

Rapid methods
for adventitious
detection &
assurance

QC stability I

Microbial Control
Contamination
free process

Modular & Automated Knowledge
Mobile Facility Management
Standard Facility Big Data to Knowledge
Design Smart Data Management
. | Knowledge
Disposables — E&L Robotics PG
development
Disposables — SUS
URS Plug and Play
Closed systems | Digital plant
maturity
Multi-product
facilities et

Continued process
verification

Small flexible filler

maintenance

Alternatives &
rapid micro
methods

Container closure
integrity testing
(ccIT)

EM in a modern
DP facility

Pre-post use
sterilization
integrity testing

Visual inspection /
particulate control

Cybersecurity
/plant resilience,
recovery

Lo Los e Lo Lurd | =
Operations,

Quality &
Compliance

Supply Partnership
Management

Relevant specifications
for raw materials

Regulatory

interaction

Raw material variability
Lean Qualification

Disposables — Supply base / Validation

reliability

Microbial Control
Operational
harmonisation

Disposables — Testing,
validation & release

standards —
Deviation
Disposables — Change management
notification system

Storage & transport I Fe ETeEl

supplement
trategi
| Stopper quality I S
a—— Human
Supply chain digital o
platforms & integration pertormance
Supply Chain Mapping I Reliability

Forecasting and Demand Compliant multi-

Planning source analytics
Industry Capacity Cloud, laaS
Constraints Analysis controls

Risk Mgt and Business

P . Data Integrit
Continuity Planning ata Integrity

Joint Audit Program
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Material Master

E RP Overall Inventory

Production Orders

SOP's
D M s Drawings

Instructions

Master Batch Records
[f:APA Production Resource Management (
SngEs Electronic Batch Recording LDAP / AD

‘_i Material Management in Production ] Users
From Weigh & Dispense to Packaging

LIMS

Samples
7
c Pl System
0 =
Q -
>| §
- =
U =
0 3]
3 Process data Process data
vy 0Oy A!arm & Events | . 4 .
s < Scal
Process Control Building Automation . IPC c;es
System(s) System(s) instruments Printers
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PC based Operator Interfaces

- PC— 1981 IBM Eﬂ]{‘h

- Late 80°’s — Window to the PLC
- Replaced pilot lights, pushbuttons gﬁﬂg
and selector switches ==
fﬁz

- 1990°s DCS systems — Hybrid

lllllll
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HARVEST TANK —
MAb AREA
[ AWFI SANITIZATION ABORTED |
RTN TO AMB.
WFI DIST. LOOP J
FILLFINISH —
AREA SUP FROM AMB. TK_05070_XV_14 A x.
WFI DIST. LOOP s TK_05070_XV_06
TK_05070_XV_12 x. TK_05070_XV_13 | |
UTILITIES CLEAN STEAM x.
TK XV_17
TK_05070_XV_18 TK_05070_XV_19 05070_XV_ Y
CIP SUPPLY
SETPOINT MENU x. g] TK_05070_XV_15A TK_05070_XV_03
TO HARVEST ﬁ CLEAN AIR
TK FILTER SKID
L TK_05070_XV_158 TK_05070_XV_04
FROMMARVEST . Y
TK FILTER SKID
TK_05070_XV_08
INSTRUMENT AIR
HOT GLYCOL Tank Status Tagname
,_0507! ' 05C Pressure= 040 psig TK_0S070_PIT_O1
COLD ggﬁgk ! pH= 50.0pH TK_05070_AIT_01
TK_05070 Xv_05p  TK_05070_TY_05, .
- - . Temp = 101.0°C TK_0S070_TIT_05
(s:g'l’l': LGyLY(IOl ﬁ Cond= 50.00 mSiem | TK_05070_AIT_02
TK_05070 XV 058 Weight = 970.0 kg TK_0S070_WIT_O1
HOT GLYCOL
SUPPLY Agitator = 50 rpm AG_05071_SI.01
TK_05070_XV_05A -
i
FROM HARVEST .
TK FILTER SKID =" TH_05070_xV_01 1
TK_05070_XV_02 c
TO UTILITY TK_05070_XV_10 .
PANEL UP 05171 _ TK_05070_XV_09 x TREND
Y T 05070 TE 08 | ! SCREEX
TO PROCESS ] | 50.00 uSicm |
AND BIOWASTE
CIP CONTROLS COLLECTION TK_05070_XV_59
ALARMS SCREEN :
Ack Date In Time In Tagname Status Value Description Alarm Extension Field1 A

PREVIOUS
SCREEN
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Automation Advancements — S&8
(ISA 88, Batch Control)

Problem — Every batch control system programmed separately.

Solution - S88, shorthand for ANSI/ISA-88, a standard addressing batch process control. A design

Bzt
5

T

philosophy for describing equipment and procedures. It was approved by ISA in 1995. It was

adopted by the IEC in 1997 as IEC 61512-1.

S8&8 provides a consistent set of standards and terminology for batch control and defines the

physical model, procedures, and recipes.
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Automation Advancements —
Server Technology

functionality such as web servers,
print servers, domain servers,
database servers

*Servers have a faster CPU, and
often, redundant hard drives, power
supplies and network connections
for disaster recovery.

. |
*Servers have dedicated | ’
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Automation Advancements — MES

Manufacturing Execution System - a control system for managing and monitoring
work 1n process on a factory floor to improve productivity and reduce cycle-time.
Often integrated with ERP software.

Typically Include

« Scheduling

« Security Basics

« Equipment Tracking

« Materials Management

* Inventory Management
 Recipe Authoring

* Order Management

* Weigh and Dispense

* Electronic Batch Records
« Electronic Signatures

 Genealogy and Traceability

Software

Werum
Syncade
Elan

PMX
Simatic [T
Plant Apps

EF-ETE
R
Ay 3
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Portable Wireless Workstations
|F I 2 : o R,

zalzt
I2

Fas il
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Biotech Manufacturing: The Future

- Smaller, flexible, multiproduct, multiplatform
facilities.

- Entirely disposable or hybrid systems following
standards for interconnection.

- Current batch manufacturing will shift toward
continuous manufacturing like other matured
processing industries (oil, commodity chemicals,

paper).
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