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THE FOURTH INDUSTRIAL REVOLUTION

First mechanised
manufacturing
equipment powered
by steam

Late 18th to mid-
19th century

Use of electronics
and computers to
automate

Introduction of
manufacturing

mass production
enabled by electric
power

Late 19th — Early
20th Century

Late 20" Century

Cyber-Physical Systems
Physical objects are inter-linked with
virtual processes

N a -

Industria Machine Data
lloT Learning Analytics

O & ,

Digital Autonomo Assisted
Paperwork us Robots Reality

Al o

Cloud Cognitive

Digital Twin
Computing Computer vision

Simulation

2010 — Present

Complexity




THE ERA OF SYSTEMS OF INTELLIGENCE

9 Systems of Intelligence




TECHNOLOGY IS DISRUPTING EVERYTHING

New Product
Development &
Introduction

Source & Plan \ELE Deliver

loT Trackers to safeguard supply to patients
loT sensors and Machine Learning data e A

models & algorithms for process

Logistics Visibility & Trade Management digital
robustness and performance . i = =

capabilities —to increase visibility of stock in Transit

. and improve compliance
Digital Twin to simulate Autonomous robotics to collaborate

manufacturing processes with humans

Assisted Reality for tech
transfer

Advanced Analytics demand forecasting and risk

analysis to enable smarter, faster, leaner

decision making Digital Paperwork to guide execution
and reduce deviations

Realtime Supplier performance analytics for

. . . Digital Twin for more efficient factory
more intelligent sourcing

flow and capacity modelling



DIGITAL CONCEPTS

Digitisation Digitalisation

Convert physical information Use digital tech to improve
into digital form processes and create value

Data Science Mechanistic Hybrid Modelling
Modelling
Extract insights from structured Combines data and science for
and unstructured data faster, more practical predictions.

Equations based on scientific
understanding of the process.

/ \

Artificial Machine Learning
Intelligence (Al) (ML)
Machines making decisions or Algorithms that learn from data and
solving problems improve over time

Al: Machines Thinks ML: Systems learn



BUILDING THE SMART FACTORY: KEY DIGITAL CAPABILITIES FOR THE FUTURE

Al powered product Digital Twin & loT connected Extended
development Autonomous Supply autonomous reality augmented
Networks manufacturing workforce



THE PROBLEM WE FACE IN PHARMA

9 Why Smart Factories Are Hard to Deliver in Pharma? ‘

Technology exists - delivery is the challenge



THE SMART FACTORY VISION: FROM DATA TO VALUE
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Smart Factories are process-centric, standardised and patient-focused
Real-time visibility, Reduced variability and Less waste.

Enabled
by.

« End-to-End Data Visibility - Faster decisions, less
variability

« Advanced Analytics - Predict outcomes, prevent
disruption &

« Augmented Workforce - Automation + intelligence
driving performance

... to develop advanced, intelligent and data enabled
Smart Factories.



DIGITAL BUILDING BLOCKS OF THE SMART FACTORY

Augmented Training
using Augmented and Virtual Reality to
reduce lead-time to train new operators,
increase understanding and improve safety
and efficiency

Cognitive Vision
using Al and vision to monitor
processes, inspect products and
alert in real-time

Advanced CPV, Yield and
Settings Optimisation

Using Advanced & Predictive Process Analytics
toimprove product robustness & performance
through

Monitor — Understand — Decide —
Execute — Optimise

Historian
= Enabler

Factory Dashboard

using Analytics and Visualisations to
enable rapid decisions based on real-
time data insights

Digital Paperwork

using digital work instructions and
workflows to improve right first
time & improve efficiency

Dynamic Work
Scheduling

using Al to optimise and synchronise
process flows through laboratories and
factory floors, and warehouses



CORE CONCEPTS UNDERPINNING SMART MANUFACTURING
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Knowledge
Management

Digitalized R&D Value Chain

et

4

(=) Data Foundations

Modeling &
Digital Twins

@ Lab data orchestration & Physical Automation




Al Autonomous Flow
Redirects site flow based
ondynamic demand signals
and changing priorities

Manufacturing Lead time.

Al Assistant provides Quality
associates information on how
similar deviations were
managed to minimise batch
hold time

Manufacturing lead time

Process Digital Twin:
enables production teams
to identify tablet press start
up improvements to
reduce yield losses

Yield

e Factory Flow Automation

AUTONOMOUS MANUFACTURING: END-TO-END PROCESS INTEGRATION

Al Assistant: provides lab
assistant with data
anomaly insights early to
avoid out-of-specification
results

First class batch

Warehouse

e Advanced Process Control

Al Assistant provides engineer
insights to perform
maintenance leveraging work
instructions, SOPs, historical
data, manuals etc

Productivity

Autonomous Factory Flow: A
preventative maintenance
work order is generated and
scheduled during next
available production break

OEE

==

° Al Empowered Workforce

Asset Digital Twin:
continuous monitoring of
asset health and other data
predict future equipment
failure

OEE
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THE DIGITAL ARCHITECTURE SUPPORTING OUR SMART FACTORIES

Process analytical testing (PAT)
In-process testing
QC testing
Smart product release
OnelLab, GridELN, LIMS, Empower,
SIPAT

Analysis of spectrographic data

Predictive modelling using advanced

multi-variate analytics

Feedback to process control system
MIMIC, Pharma MV, SIPAT

Capture and store data from the
process control system in real time
Capture and store spectrographic
data from PAT instruments
SIPAT, AVEEVA Pi

9sAjeuy

ue|d

|043U0)

Plan @ Control Analyse ‘

* Production planning and triggering
of orders to MES
*  Owns material and equipment
master data
OMP(APS), SAP S/4

» Paperless production with enforced
sequence of batch steps

* Review by Exception

» Triggers recipe selection in the
control system

» Gathers GMP alarms and exceptions
from the control system

SAP S/4, PAS-X (MES), AVEEVA Pi

» DCS control for automated control
and operation of the plant.

» Designed to allow exploitation of
data.

+ Enabled for
future APC functionality.

» Designed for flexibility

DELTAV




AUTONOMOUS MANUFACTURING: END-TO-END PROCESS INTEGRATION

v

Plant Historian Pi

PAS|X

|

Highly Integrated

SiEMENs  S|PAT Continuous Plant Batch Plant
PAT Management DeltaV POL Deltav DCS ¥,
! I y
v v v
PAT Continuous Batch Train 1 Batch Train 2
‘ Equipment Plant Equipment Equipment
Modules DeltaV DeltaV
“ CHARMS CHARMS

SAP ERP zm7s/anana

SE

INSTRUMENTS

W

Il

LES &V

v
Batch OEM
Equipment
SIEMENS

Process Analytics

pharmamv

Batch DeltaV
Development

Batch DeltaV

Sandbox
&
A EMERSON. A

| Industrial Automation |

v v

Process Simulation

.PROMS

Development environment

Plant Simulation
mimic




INTEGRATED DIGITAL ECOSYSTEM ENABLING SMART MANUFACTURING

16 |

gt
COGNITE

&

@ cLAROTY

Manufacturer Devices %

AV=VA

Pl Vision

33




SMART COMMISSIONING: THE ENABLER
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THIS IS WHERE SMART COMMISSIONING CHANGES THE GAME

1. Integrated by Design

» Commissioning, CQV & CSV connected

» Single data flow across lifecycle
2. Data-Led Verification

» Moves from documents — data

» Uses live system data (DeltaV / AMS / PI)
3. Early & Risk-Based Testing

» Digital twins enable early testing (MIMIC)

» CSAdelivered through risk-based approach

From reactive validation — proactive, data-led assurance



SMART COMMISSIONING USING DELTAV AMS SOFTWARE
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Smart Commissioning shifts validation from AMS Device Ma nager V
sequential execution to parallel, data-driven delivery. — = T DELTAV

Traditional Commissioning

On critical path

9 1

O——@ o SMART
PREPARATION EXECUTION E=— COMMISIOING

Manual / Sequential USING AMS &
DELTAV
Smart Commissioning 1 FROM DEVICE

CONFIGURATION
TO AUTOMATED

+50% time reduction

—_— LOOP
PREPARATION S>>
<A AR — VERIFICATION
Parallel / Automated

_ Tag DST | ey,

i u g “ ? “ 10 Octrison HEM 'k

Field device is the DeltaV is the tag Hybrid approach

tag master master 1
Field % 'V
Smart Co! ling




19

SMART COMMISSIONING USING DELTAV AMS SOFTWARE - Kneat

Test Execution
- iPad

_—_—_—*

|
!
|
\

>

Kneat -Test Execution (Automation
Change Pack - ACP)

Kneat T_

EMERSON.

Summary
Node Name
Nods Description

Automated Loop Test Report
Generated on 10/ 62025 12:45:38

|EDNB2030PCIO10
Remete 10 Panel RIO-200118-30

4 i = =ty =
I 1
Upload # N = e ol
Electronically — !
AMS Software ]
Automated | |
Loop Check o o )
Summary
Report

Approvals




DELTA V AMS SOFTWARE SMART COMMISSIOING
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DATA CONTEXTUALISATION - COGNITE AS THE SMART FACTORY DATA LAYER

@ aotraremace s pov

@ ostrazenece-ds-pov

CogniteAsset -

2 =
m: i Path last updated time
.A.i £ iy
" m
o ¢
‘-
5 3 esonn e = 2 : “(‘, 4 L4 55280 2
! %1;_} T = Paent . :
v e PET TN . o -~
‘ g CIET poene FOR INDUSTRY
&2 s .
. B {
= L 7 )




DIGITAL TWINS

Digital Twin Digital Twin Digital Twin
Product Production Performance

Insights from performance

 Validation

ik Real 4
s eal

production AT

e > Automation
~ommissioning

Continuous improvement




Khe e

Smart Commissioning Ecosystem QoS
> Transform CQV, CSV and Technical Transfer ph a"ﬂma;“:v 1,
from document-centric compliance into a data- c<;<:N|'rE
driven, risk-based Smart Factory capability.
SIEMENS Smart Commissioning,

New Product & Process

> Embed Computer Software Assurance (CSA), | gPROMS w \\* WAITES

Smart Commissioning and digital lifecycle

verification.

,hll)) o e\\ob

> Preserve and transfer process knowledge

y . . S \Suite
digitally, reducing transfer risk, timelines, and v ﬂ\la
EMERSON
post-go-live issues. AMS Device Manager

DELTAV




Smart, Data-Led CQV, CSV & Technical

Khe e

Transfer Q osil
Core Platforms:
> Emerson DeltaV & MIMIC — automation and pha‘tma_ -
- A s T 1L
control emulation. COGNITE

Kneat — digital CQV execution and system of

SIEMENS Smart Commissioning,

record. New Product & Process
| gPROMS b W WAITES
Cognite — data contextualisation and Smart

Factory backbone.

,hll)) o e\\ob

» ellab ValSuite — thermal mapping and e
) P & m\la\SU“
environmental qualification. EMERSON
AMS Device Manager
» Pl Historian — operational data trending and
DELTAV

verification.




TRADITIONAL NPl MODEL (CSV) VS. FUTURE SC-NPI MODEL (CSA)
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Traditional NPl Model Future State SC-NPI Model (CSA)

. Design + Control Strategy
. L

Automation Budld 5V Intent & Risk
i !

CSV never arrives

Commi 101N .
ssioning late its always

Avtomation & Commissioning

' : present
CSV “Catch-up™ Qualification & CSV Assurance
4 1

Delays,; rework, QA tension

GMP Batch + Continuous Verification |

Traditional CSV. 4 CSA Testing Model
Ad-Hoc Testing
Testing & Controls
Unscripted Testing Error-Guessing
Critical Thinking
& Risks Exploratory Testing

Robust Scripted Testing

Scripted Testing
Limited Scripted Testing



FUTURE SMART COMMISSIONING NPI - DELIVERY MODEL (SC-NPI)
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Conventional Engineering Delivery Model New APICOM delivery approach
Process & A&E Automation interprets e Integrated Process, Automation & CQV
define design post-freeze from concept

@ Early GxP & functional requirements

@ Process owner accountability for FDS,
batch logic

® Early package owners & SMEs assigned

Define equipment
scope & operational intent
APICOM enablers:
Automation defines CQV defines intended O CSA
control philosophy early use & CSA strategy

&% Smart Commissioning

Enable early testing & Digital CQV
Smart Commissionin
- SRS @ Automation standards

02 Multi-product lifecycle

% This is not more governance — it’s earlier engagement, designed
for operability, testability, and compliance from day one.



CONNECTING CQV, CSA AND LIFECYCLE VALIDATION IN A SMART FACTORY

ATReview o

Validation & CSA
e Risk-Based Testing

° Dlgltal Protocols &Approvals
. e Real-Time Traceability :
e Electronic Data Capture

e Automated Verification

® Exception Management
“mp aib COGNITE

Al FOR INDUSTRY

NPI & Lifecycle Management

‘o Tech Transfer Enablement
o Digital Change Management

e Automated Loop Testing

. e System Integration

e Digital Handover & Thermal Mapping -
Integration (ValSuite) 1

1,/ %Pa?Suite




CSA IN PRACTICE: ENABLING SMART COMMISSIONING

Kneat

Traditional CSV

Documents

Testing & Controls .'_.

Critical Thinking ] T '
& Risks

CSA Approach ,,'?

Critical Thinking & Risks

Testing & Controls

Documents

£3 Documents & Risk-based ' ' ‘ -
£3 Repeated testing & Data-driven

£3 Late involvement @ Early lifecycle integration

» Risk-based testing aligned to criticality
» Leverage vendor testing and automation data

» Focus on what matters (patient safety & product quality)

CSA enables us to test once, leverage data and avoid duplication across the lifecycle.



END-TO-END SMART COMMISSIONING FLOW

One Data Flow Across the Life Cycle

. [
i 9
. Data
) Qualify Contextualisati
Physical

‘ Requirements Virtual Testing Commissioning Digital CQV on &

l Execution Continuous

Design &

Verification
N g R

E-— mimic Kneat Kneat . -al- coGNIT

Al FOR INDUSTR
\/ ) sie (‘ osi
DELTAV

AMS ATReview

-—

Pt %

Create Data once, Verify Once, Reuse across the lifecycle.

Eliminating Duplication and Enabling Continuous Assurance.



>ONNECTING QUALITY, VALIDATION AND PROCESS DATA - CASE STUDIES

INTEGRATION OF QUALITY MANAGEMENT SYSTEM CONTINUOUS PROCESS VERIFICATION (CPV)

@ OSlsoft

Data Historian /
Continuous Verification J—

Managed Document Transfer
I Real-time data

*

Kneat - Test Execution 5 v
; A B i DELTAV
=== X Interface with ' \ I L!‘ “1 8 Distributed Control
Execution Do e — ; Thermal Y ' System (DCS)

Mobile Test e

,,,,, For —— I 1
e e e e R — — o i:—-_;:: Sy S ) e e Ma.pplng | S Control signals
1 : = i 1 Equipment ; Y
1 ! I — 8 Q
! o= ! EMERSON
: T— v Process execution (1SA-88 Physical Model)
} Kneat :
i —z
e o e

odi ol
T . -~ \
Mobile Test
Execution eI Ia b
- Process Equipment

- (ISA-88 Physical Model)

V-102 Vv-103 V-104 V-105



FROM WEEKS OF MANUAL REVIEW TO REAL-TIME AUTOMATION
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Traditional Approach

Repeat each
year (or
more)

=0

Periodic Review
Schedule

L»V'T-@E

¢ -

Days, Weeks & Months
of Manual review

—

Approval

New Approach

Y

@ Filter g/\

Connect Map

y Automate
éo @
Issue

notification Approve

notification
Review

notification



AUDIT TRAIL REVIEW SOFTWARE: Orise ATReview

Digital Automated Audit Trail Reviews
2hrs ? 10.5hrs @ Shrs

< » 2hrs 2hrs
- 74

l—l:C:)-:l—P

R
=%

Review and complete Change record status to

Review, and sign for Review and sign for
Start the 'Incomplete’ record. 'For Review'. completeness completeness. Q\
System Owner System Owner Business Owner
Approx.

Quality Approval

|
102.5hrs ’@E 4.5hrs —Pt’ 2hrs _'_ ’3.5hrs 4.5hrs 12hrs
Finish

Approx. 14.5hrs =
Start

Finish v_ﬁ%

= ATReview
7hrs @ 9hrs a 16hrs ;@E 9hrs 20hrs E 8hrs

Unlock your full potentisl
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»Faster commissioning
»Reduced NPI timelines

»Earlier system readiness

4 30-40% Faster Commissioning

WHAT SMART COMMISSIONING ENABLES

Jrity Dashboard

2.2% 99.2% 98.5%

am 2.35M 52.8K 8.2K 12,8

@ QUALITY

»End-to-end traceability

»Improved data integrity

»Inspection-ready by design

1l Reduced Deviations & Rework

EFFICIENCY

»Reduced manual effort

»Elimination of duplication

»Reuse of data across lifecycle

T Right-First-Time Execution



CHALLENGES
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Importance of Compliance

Compliance with regulations ensures safety and
efficacy in pharmaceutical products, protecting
public health.

Navigating Regulations

Commissioning teams must be well-versed in
navigating complex regulations to complete
projects successfully.

Regulatory and
Compliance
Requirements

Successful Project Completion

Adherence to compliance requirements is vital
for the timely and successful completion of
pharmaceutical projects.




CHALLENGES
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Typical
Commissioning
Bottlenecks

Delays in Projects Handover

Delays in project can significantly hinder the commissioning timeline, causing setbacks in
project delivery.

Data Silos and Fragmented Systems
Data is often stored across disconnected systems, limiting visibility and
traceability.

This fragmentation creates inefficiencies, delays decision-making, and increases
the risk of errors during commissioning and qualification.

Control System Integration Issues

Integration issues with control systems can create significant challenges during
commissioning, affecting overall project success.

Lack of Team Collaboration

A lack of collaboration among teams can lead to misunderstandings and inefficiencies,
complicating the commissioning process.

Effective collaboration between CQV CSV and IT teams is crucial for project success,
ensuring that both teams align their goals and objectives.
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FUTURE PROSPECTS AND CONTINUOUS IMPROVEMENT

Leveraging Data
for Ongoing
Optimisation

Continuous Optimisation

Collecting and analysing data allows businesses
to continuously improve their processes through
informed decision-making.

Adaptation Over Time

Data-driven insights enable companies to adapt
their strategies and processes as conditions and
market demands evolve.

Improvement Strategies

Utilising data effectively leads to the
development of better strategies for process
improvement and operational efficiency.




KEY TAKEAWAYS
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2
[ Smart Commissioning is a foundation for the Smart Factory
) & . : :
o Digital CQV enables CSA in practice !
d(_)b Integration matters more than tools et
k el ?':u;i"'u.'@w\‘
7 i - M. ,‘ :&é‘ l ;LQ-&

/\\

What We’d Do Differently Next Time

Define data Standardise OOO Align CSA
strategy earlier integration patterns (TT\ upfront




QUESTIONS?

Partner Technologies
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