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current state
of industry

Siloed work on digital solutions to
answer individual business questions

without scaling & unlocking the
full potential of our data assets
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Ever-Increasing Data Along the Drug Development Life Cycle

Cell Line
Development

Drug Product
Development (DPD)
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Defining the right process control strategy
The impact and multidimensional interdependency of manufacturing parameters

Critical Process Parameters
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Process Understanding and Control Strategy
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The holistic understanding of manufacturing processes
Data should be available from multiple dimensions
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Pain Points Impacting Supply Chain

Increase in raw material cost Inventory capacity management
- Costs are expected to worsen, price « Increased waiting time for clearance
increases not holding to prior of shipments
expectations - Balancing stock levels due to high
- Continuous and quick actions based uncertainty on the markets is very
on solid and harmonized data difficult

remains crucial

Unpredictable demand

* Need to predict and respond to
changes in demand in real-time

Logistics challenges Economic downturn

* Cost of shipping a container

) « Macro economic conditions continue
increased seven-fold

to change with potential for more
* Supply chain turbulence due to downside

geopolitical conflicts .. :
« Recession is now seen in several

regions across the globe
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From MANUfacturing to SMRARTfacturing

The Next Generation Manufacturing Excellence
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From MANUfacturing to SMRARTfacturing

The Next Generation Manufacturing Excellence
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From MANUfacturing to SMRRTfacturing

The Next Generation Manufacturing Excellence
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Evolution from MANUfacturing to SMRRTfatturing

1. Foundation

Production,
Purification,
Formulation and
Fill & Finish
Solutions

Systems Unit Operation

& Flexware “Connectology”
Media
development and
formulation
Solutions

Chemometric
In-line, At-line
and Online
Sensors

Monitoring

Multivariate Data
Analysis &
DoE

Sampling to
Enable At-Line

Testing

Automated
Sample Prep

Process
Control

Cloud Machine Learning

(supervised, unsupervides,
reinforced)

(Big) Data Processing

& Cleaning Neural Networks

Feature Deep Learning
Extraction &
Engineering

Natural Language

Predictive Modeling Processing

No/Low code Blockchain

Digital Twins
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Evolution from MANUfacturing to SMRRTfatturing

2. Convergence

Autonomous Supply Chain
Manufacturing Intelligence

Quality by Design Modular Plant

MERRUK
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80% of manufacturing companies have taken initial steps to connect
machines, systems and employees

80%
0% 0%

.
Ea Y O G

©

Potential Benefits

_ — u u u
Obiectives Simplify repetitive Streamline Make data-based Predict complex Leave the control to
J manual tasks business and IT decisions interactions the system
Computerization Connectivity ext Best Actio
Level 1. Predigital Plant 2. Digital Plant 3. Connected Plant 4. Predictive Plant 5. Adaptive Plant
. Manual e High level of e Integrated plant e Plant of the future
Key . Paper-based processes * Some manual processes automation network * Autonomous
Characteristics (SgPs batch F;ecords)  Islands of automation  Integration * Real-time predictive * Self-optimizing
! e System standardization analytics e Plug-and-play

Source: i4.0MC, Industry 4.0 Maturity Center GmbH, 2022



The SMartfFacturing Enabling Framework

Logistics

® ® @®

Qu

ality
Maintenance

@ Energy and utilities

Production

Supply chain management @

Manufacturing engineering @

Supply chain planning

New product introduction @

@ Health and safety

/;Ej Strategy and roadmap

Privacy and security @ 'A) Governance and processes
S

- o :
[ Connectivity ] \%3/ ) Ecosystem partnering

i ’-_\\ 4 - i sgug
&) Digital skills and capabilities

N

Data processing and visualization
TN
B T

Data extraction

Data platform Legal compliance

@ Aopplication areas @ Technological enablers () Organizational enablers
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Enablers of Smart Manufacturing

To unlock the true value of Smart Manufacturing the technological
and organizational foundations need to be set

Predictive & prescriptive capabilities,

Automation

anced data analytics People & culture
(re-skilling & up-skilling)

Data (Data Autobahn, ontologies)

IT/OT

(data generation & aggregation) )

MERRUK



Value drivers of IT/OT convergence

A holistic approach to IT/OT convergence for scalability, efficiency

and effectiveness

Benefits and value drivers of IT/OT convergence

Technologies to manage Technologies to manage equipment &

data and information physical operations

IT

Information
Technology

oT

Operational
Technology

Computerized Systems Equipment

Data storage Cyber-physical systems

Network Sensors
Cybersecurity Industrial control systems

Advanced analytics Automation and Robotics

IT/OT Convergence: People, Processes & Technologies

Benefits:

Increase ‘ Enhance Reduce | Increase ‘ Reduce
cost efficiency Performance time-to-market cybersecurity downtimes

L

Seamless and smart integration of physical
equipment, sensors, and systems into IT infrastructure

Continuous data ingestion enabling visualization,
analytics and automation to drive data-supported decisions

Foundation for implementation and scaling of SMFG
capabilities across plants (e.g.: predictive maintenance)

Establishment of strong OT cybersecurity measures,
increasing protection and resilience of critical assets

MERRUK



Benefit realization requires infrastructural investments
SMARTfacturing is a journey that requires long term strategic planning

NPV Examples Key Benefits

- * + 9% QC lab productivit
+4+++ Krecilct_lve 0 Q P Y
nalysis * + 9% production productivity

3. SMart Manufacturings)

8 Low implementation cost, High return on investments.
* - 9% reduction on deviations [%
Advanced ©
‘ +++ Data Analytics * - % changeover time &
* Paperless environment (EBR) 2 2 » Digitial Transformationss)
( 4 ‘ II\_/IIE/ISS * Lead-time reduction 2 At this level sites start realizing benefits for the technologies implemented
L ) * Data availability from ©
ELN s

machine and across systems

=
A

Server hardware
+/- Data Historian

Workforce
enhancements
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Global Healthcare/Life Science Investment in Smart Manufacturing
will double from until 2027

Investments in SMFG capabilities in 2022 7-year growth horizon in investments in SMFG Capabilities
(in USD, 2022) - Cross Sector Analysis: (Projected investments in USD, 2020-2027 with 2021 as base year of analysis) - Cross Sector Overview: -
O
- Aerospace & Defense (6.59 Bn) ) ) ) ) §
High projected growth (in volume) and in growth rate =020 m2027P
I Healthcare/Life Science (13.7 Bn) in Smart Manufacturing investments is a clear
B oo & Bevera indication of attractive future adoption initiatives 2020 ®2027P
ge (16.51 Bn)
across sectors 2020 m2027p
_ Mining (20.16 Bn)
_ Semi-conductor (22.68 Bn) 3 S
S —
_ Automotive (36.61 Bn) > o
_ Chemicals & Petrochemicals (38.9 Bn) S n
3 o ©
I ' : 7 (5050 : i
N 2
I O (1079 5) . 85 3
< — o
N ~ <+ ™ o
N n ] - S
g ?8, ~ © < o
419/ 132 i= Cm ol g
Aerospace Pharmaceutical Food Mining Semiconductors Automotive Chemlcal_s& Oil Other
Global ManUfaCturing Sites & Defense & Beverage Petrochemicals & Gas Iﬁggstjr?:sr
manufactures are se_Iected as g*lobal
adopting smart TgmdelsEe by
. World Economic [ CAGR 10.32% | [ _CAGR 12.72% |
manufacturing .
: forum Lighthouse
technologies. )
network, since 2018. Pharma industry has the fourth highest CAGR following Semiconductors, Automotives and Food & Beverages

2027P - Projected revenue for 2027

Source: Global Smart Factory Report - Mordor Intelligence 2021
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SMARTfacturing Value Drivers realize Business Outcomes & Benefits

1

2

3

4

5

6

7

8

Key Value Drivers

Time-to-market Digital twin technology

Leveraged predictive maintenance systems to reduce
machines’ maintenance and defect costs

Service & After Sales

Resource/Process Utilized an analytics platform for managing yield and root-
Optimization cause analysis

— Machine visualization and maintenance with digital
Asset Utilization dashboards
. . Advanced analytics for quality failure aggregation and
Labor Productivity prioritization
End-to-end supply chain management with visibility
platform

Quality Output quality optimization platform with IoT

Incubated an Al-enabled demand predicting and inventory
replenishment solution

Note : Global lighthouses are the factories that have taken Fourth Industrial Revolution technology from pilots to integration at scale
Source: Assessment of Smart Manufacturing report(URL); Microsoft Smart manufacturing report(URL)

v

v

83%
25%
22%
20%
90%
25%
52%

4.5ppt

Smart Manufacturing Use Case Examples Potential Benefits

Speed in market

Decrease in maintenance costs

Increase in product yield
optimization

Increase in asset utilization

Increase in labour productivity

Reduction in inventory

Reduction in quality deviations

Improved OTIFZ2

1percentage Points 20n-time-in-full

MERRUK


https://www.apo-tokyo.org/wp-content/uploads/2020/12/Assessment-of-Smart-Manufacturing-in-APO-Member-Countries-1.pdf
https://www.microsoft.com/en-us/industry/blog/manufacturing/2022/08/11/top-6-findings-from-iot-signals-manufacturing-spotlight/

To realize the benefits, potential

at

and dig

ital solutions can be

implemented across all SPMRARTTAQUCUNNG building blocks

Production Planning and Scheduling

Automated S&OP process, real-time
synchronization of supply chain and
production, advanced planning/
scheduling

Materials & Inventory Management

Track and trace, data-driven inventory
management and optimization, additive
manufacturing, digital utilities

Production

Continuous manufacturing, 3D printing,
industrial robots, automated guided
vehicles, additive manufacturing

PAT/IIOT

Process Science &
Technology

ON INTELLIGE,, e

Engineering &
Automation
Connected
Industrial
Equipment

Quality & Regulatory

Cybersecurity

E2E Data Management

Standards

People

Manufacturing Network Operation

Analytics, dynamic routing, real-time
supply chain optimization/risk mgmt.,
next best action/ predictions, advanced
process control, connected lab

3rd Party Manufacturing & Service

Automated sourcing agents, supplier
rooms, shared cloud platforms, control
tower

Performance Mgmt. & Business
Intelligence

Real-time KPIs, advanced production and
asset utilization based on digital twins,
advanced process control, EBR, digital

utilities

Manufacturing Engineering

Virtual simulation and experimentation,
AI/ML-based routing & job scheduling,
additive manufacturing

Manufacturing Reliability &
Maintenance

Predictive / remote maintenance,
virtually guided maintenance, analytics,
additive manufacturing, robotics and
automation, workforce enablement

Environment, Health & Safety (EHS)

Waste management optimization and
smart energy consumption, workforce
enablement, digital utilities, digital EHS

Quality

Automated quality in-line testing, digital
quality management, robotics and
automation, workforce enablement, EBR

Skills, culture & behaviors

MERRUK




Capability Map Smart Manufacturing, Supply & Quality

Supply Chain Planning
Customer Collaboration
Demand Planning
Inventory Mgmt.

Production Planning

Sales & Operations Planning (S&OP)

Supply Chain Analytics
Supply Chain Strategy

Supply Network Planning

Master Data Mgmt.
Manage Customer Master
Manage Equipment Master

Manage Material Master
Manage Recipes Master

Manage Vendor Master

Manage Material Inspection Plan

Artwork Mgmt.

Product Artwork

Product & Sample Testing
Laboratory Data Mgmt.

Lab Equipment Integration &
Calibration Mgmt.

Procurement Direct Materials p Laboratory Information Mgmt.
\ab Testing Data Lifecycle Mgmt.
of Specification (O0S) Mgmt.
icates of Analysis Mgmt.
huous Quality & Process
Monitoring
horatory Scheduling
: Real-time Release
Process Analyticg ‘ Trending

iity & GxP Compliance
rl"* Planning & Execution
| \ Lange Mgmt.
pility Agreement Mgmt.
\”ion & CAPA Mgmt.
% Procedures Mgmt.
\ttribute & Substance

hperties Mgmt.
active Reporting (QPR)

Manufacturing

Detailed / finite Production
Scheduling

Collaboration
3PL Integration

Supplier Collaboration Manufacturing Intalaasecs

Customer Collaboration

Daily Management

Trade Regulations ispense

Export & Import Control Batch Genealogy

Customs Regulations
Statistical Processgg

Supplier Quality Mgmt.
Supplier Qualification Mgmt.

roduct Review Mgmt.
roduct Introduction
Asset Life-Cycle Mgmt.
t4 g sk Management
Asset Performance Mgmt.

Preventive Maintenance cility Management

Spare Part Planning & Mgmt.
Overall Equipment Effectivene::xu

Asset Maintenance & Repair

Alarm Mgmt.
Television/Visual

Assisted Tool

Electricity Generation & Distribution

Energy Monitoring & Management

Environmental Monitoring

Deliver

Logistics
Distribution Operations
Warehouse Mgmt.

Plan & Execute Transportation
Track & Trace

Waste Mgmt.

Environment, Health & Safety
Mgmt.

Crime & Fraud Mgmt.
Occupational Health Mgmt.
Product label mgmt. & Printing

EHS Reporting & Risk Assessment
Safety Data Mgmt. / Dangerous
Goods Data Mgmt.
Substance Registration (Chemical
Reg. Affairs)

Substance Volume Tracking &
Reporting

Accident Management

EHS Audit Planning & Execution

Return

Reverse Logistics

Returns Mgmt.

Customer Affairs Mgmt.

Complaint Handling

Customer Communication/Inquiry
Mgmt.

Customer Notification Mgmt.

MERRUK



smanrtfacturing Priorities
Setting our objectives

DIMRNSLIONS

OUN PRIODRITY?

. Time-to-market
- CUSTOMERS Individualization

Delivery reliability
Transparency

% FLINances Operating Costs

Attractive Employers

0
E EMplDyEQS Attractive Tasks

Ergonomic workstations

o Zero impact
'H’H‘H\ SDClEby Responsible sourcing

«@»
«@»
«@»
«@»

>

TRRGETED
KPIS
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Evolving to meet our cross-sectoral ambitions
From MANUfacturing to SMRRTfatturing - our priorities

a el Greater focus on seamless engineering,
plug & produce, automation and
IT/OT convergence

Rethinking supply chains

Digital Twins and Al driven use cases

E’ to support new levels of resilience

and flexibility

Increase workforce agility and amplify
capabilities to enable resilience

Reflect regulatory requirements in Al enabled capabilities
incl. qualification/validation of technologies and algorithms used for supporting decisions

MERRUK



Merck has the ambition to enable the following
sSMRRTFacturing Goals & Levers

'y “

Manufacturing IT/OT Supply Chain Workforce Readiness &
Excellence by Design convergence Intelligence Change Management

Smart t . Equipment .
Manufacturing opzl:qaiirons Quality 4.0 IT/OTMOge[atmg OT Standards | connectivity Decision Intelligence SrEILEeE Skills enablement Change
Process Dev oae (e.g. MTP, M2M) WIEeEa (Re- & Upsklling)
’ engagement Management
oT Operations Data Forcasting | Planning J§ Distribution j§ Logistics
Cybersecurity Autobahn

MERRUK



Digital Twins maturity levels

Digital Shadows, Digital Thread, or Digitalization

p N

Human-
Services Machine
Interface

~N

Connection

Virtualization: HMI-weighted (Digital Shadow)

g Virtual
Services DHMI
= Score = 3.5 out of 6
Model Physical
Connection

Data Mining: Digital services-weighted (Digital Thread)

(((((( Virtual
_E Il e ServicesG HMI
e = Score = 2.5 out of 6
=l= = O é Model Physical
' B » Connection

ional Automation: Connectivity-weighted (Digitalization)
: Virtual

Services HMI

- Score = 3 out of 6
Modell Physical

Connection

A Digital Twin: Lights-off Cognitive Manufacturing
~ Virtual
Services HMI

Score = 6 out of 6
Model Physical

Connection

MERRUK



Digital Twins of Drug Production Processes aim to
reduce Process Development timelines by 50%

3D digital tuin

* Based on 3D computer graphics and
AR/VR

» Used for equipment design, SME
training, navigation in the plant...

plgital tuin of an MRL
bloproduction process

« Based on Ai modeling (Data
driven, Mechanistic, Hybrid,...

« Used for process simulation,
prediction, optimization and
control

Computational Fluid Dynamics
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End-to-End Process Models as a Framework

pH —&| | Temp. *+ Flow —# pH —+| |pH —— Flow —# pH —4+| |(Cond. *+
Cond. ¥+ RPM — Cond. ¥+ Cond. ¥+ Cond. ¥+ Cond. ¥+ Cond. ¥+ TMP —*

§a+@++++

—>—>@;§—> DS
* 1 *

Ordinary Least-Squares Linear Mixed Model Mechanistic Models Hybrid and AI Models

(e.g. via DOE)

6 -« -2 0 2 4 &6
u Tinets)

0.25

0.00

i
d Lt
Kyin,i - q':;; ]=keqa-(A—Z(vﬁaj)-qjix‘r)) SCpiln.t)

7

—gi(x, 1) - G (x, £)"
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Source: Kérber Pharma Software: Thomas Zahel, Lukas Marschall, ISPE Pharma 4.0 workshop in Visp, March 2024



MTP enabled Plug and Produce & DT enabled Guided Process Design
Configure the best matching system for any application

Universal Pool of specifically
Technical Backbone optimized modules

el sreak the
paradox

between flexibility and efficiency.

111301110110011

Dedicated or specialized modules are
hooked into the manufacturing eco system
whenever beneficial

Highly automated ...continually growing

platform number of assemblies MERCK
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Custom Logic/
Advanced Step and Wait
Sequences in Auto-Adaptive
Plant Automation Processes

Manual Control
by Experts with
“domain
knowledge”

Model-Based Mathematical Optimization
with Al

Set Starting
Value

::o:oo:’::g:' 2

555555

o555
55555

5
55
555

Wet-Bulb Temp [F]

Step Up or
Down

20,0,),

B See Impact




Projects and activities to boost our digital capabilities
Our current activities

Demand
Uncertainty
Capacity
Management
Inventory

Logistics Management

Supplier Risk

I

EJJJ 7 T

Distribution
Fleet Management
Track & Trace

Production
Breakdowns

External . .
Risks Quality & Manufacturing

Intelligence

B internal (E:);::I(::Irl?::ation No change O PRIME 1.0 @ PRIME 2.0
MNERRCK

Risks & pain points based on general literature consensus such as Shahbaz et al. (2019), Manuj Mentzer (2008), Wagner and Bode (2008); Thun and Hoenig 2011)



Leading to poor and unmade decisions at scale..

IDC PERSPECTIVE

A Case for Decision Intelligence: From "What Data Is Needed?"
to "What Decisions Need to Be Made?”

Dan Vesset Chandana Gopal Ray Huo Robert Parker

EXECUTIVE SNAPSHOT

The economical impact of decisions that are not made or -
not properly made is estimated at $4.26 ftrillion

e Gecon wicety by enabiing greater speed and control

Market Guide for Analytics and Decision e Lead
Intelligence Platforms in Supply Chain rchtacure.decion nedgerce 1fwar provdes et

g from Botn Bl anc Al softm

Published 26 June 2023 - ID G00759332 - 18 min read

By Analyst(s): Christian Titze, Noha Tohamy, David Pidsley, Leonard Ammerer
Initiatives: Supply Chain Technology Strategy and Selection; Supply Chain

Transformation

The analytics and decision intell

An S&P 500 Index Company currently loses an average

technology leaders can use this 1]

conditions and build a cohesive t

of S250M per year on ineffective decision-making e

By Analyst(s): Afraz Jaff

processes (McKinsey) .

Generative artificial intelligence and ChatGPT have elevated Al
discussions to new levels, pushing interest to boardrooms and
heads of state alike. Data and analytics leaders must stay on top
of the trends and track the trajectory of innovations to create
credible cases for investment.

Analysis

72% of executives believe that bad decisions are as

Generative Al has had an impact like no other technology in the past decade. The
increased productivity for developers and knowledge workers, using systems like

.
ChatGPT, is very real and has caused organizations and industries to rethink their
requent as good ones. (McKinsey
L]
In tum, the apparent abilites of generative Al systems have rekindled debates on the safe
usage of Al and whether artificial general intelligence can be achieved, or has even already
arrived. Current generative Al techniques are fallible, however, and many of the

innovations on this year's Hype Cycle need to be put together in order to go beyond the
limitations and mitigate the risks.

Data and analytics (D&A) leaders must leverage this research to prepare their Al strategy
for the future and utiize technologies that offer high impact in the present.

Source: AERA Technology, March 2024



Our vision is to :
Move from people making decisions supported by machines

Update

Purchase x DeCISIOﬂ mCIkIﬂg |S
Order
slow

% Fewer decisions get
made

Update
Production
Plan

% Complex decisions
take longer

" \¢
Rebalance

Inventory

X

Source: AERA Technology, March 2024



To machines proposing decisions guided by people

88838

5 ab
» — i Q%
— L. e @5\/.‘\/ \ .~ Faster Decisions
, & (o y T
‘\/ \/, | »/\\ , ~{/ | } v More Decisions
1 4 /7\ / \/ N Higher Complexity
§/\ N N / \\ — 3 v/

Data Ext.
ERP



Al for decision automation is becoming a standard practice for

large enterprises

Gartner Hype Cycle for Al, 2023:

Benefit Years to Mainstream Adoption
Less Than 2
3 Yoiis L 2-5Years

Transformational Computer Vision Composite Al
Decision Intelligence
First-Principles Al
Generative Al
Intelligent Applications

High Data Labeling and
Annotation
Edge Al

Moderate

Source: Gartner (July 2023)

5-10 Years .,

More Than 10

Years

“By 2026, 75% of Global 500 companies
will apply Decision Intelligence...
making decision making the next
competitive differentiator.”

Gartner, “Innovation Insight for Decision Intelligence
Platforms,” 2023



Situational Scenario Portfolio
Decisions Decisions Decisions

2 3 SR >

‘
use cases & use cases ' 4 use cases
seconds | min or hours ,*/ days+

Decision W W 650

LV’.. &‘_-_.’ . " L".'—." .

— IDC Source: Data Management Survey, IDC, Decemoer 2022, N = 1,021

50% of Respondents Say Data Loses Value Within Hours
I 1

75% of Respondents Say Data Loses Value Within Days
f 1

32.6%
25.0%
18.3%
12.9%
4.4% 3.9%
1.5% 1.5%
sub-seconds seconds minutes hours days weeks months years

Q. For the data you typically process as part of your role,
what is its 'shelf life’ or period within which it loses its value?

e IDC Source: Global Data Valuation Survey, IDC, December 2022, N = 1,014 (% of respondents shown)

—
=
e ——— |
L\
. 4

62% of organizations say that
Automation across the Decision-Making
workflow has increased

» 64% say that metadata is growing faster
than raw data

= 39% are prioritizing budgets for
streaming data analysis

— IDC Source: Data Management Survey, IDC, December 2022, N = 1,021




At Merck >15 use cases contribute to
Predictive Inventory management

- Appyling machine learning to provide highly accurate
short-term demand forecasts

- Leveraging external data sources with Al/ML to enhance
demand planning effectiveness

- Integrated business planning to enable E2E value chain
transparency, SC planning and optimization

- Combining digital twins and reinforcement learning in
sales and operations planning to ensure appropriate
inventory levels

MERRUK



oNn duUr journey fronm MRANUFaAtturing to
SMRRTFACCUNNG?

Resilience as Strategic Imperative

Adopting Smart Manufacturing and Supply Chain Intelligence ensures our operations are not only efficient but
also robust against disruptions. The seamless integration of IT and OT, supported by a skilled workforce, equips
us to anticipate, respond, and adapt to challenges rapidly, securing our business continuity and protecting our

market position in any scenario.

Driving Industry Advancement Through Collaborative Innovation

Embracing this transformation catalyzes not just internal improvements but propels the entire industry forward,
setting new standards for operational excellence and sustainability by collectively pushing the boundaries of
what's possible

Cultural Transformation for Sustained Success
The journey towards comprehensive digital integration demands more than technological investment; it requires
a shift in corporate culture towards continuous learning, agility, and cross-functional collaboration.

MERRUK




........

Thank you for
your attention
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