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Disclaimer

"The information contained in this presentation belongs or has been
licensed to Novartis and/or its affiliates. Novartis does not make and
expressly disclaims: (a) any representation or warranty (express or
implied) with respect to the information shown in this presentation; and
(b) any liability relating to the accuracy, fithess for any purpose or
completeness of the information. The views and opinions expressed in
this presentation are those of the author and do not necessarily reflect
the official policy or position of Novartis or any of its officers.”
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'Y NOVARTIS

reached 1.2 billion patients in 2013
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branded medicines for
auto-immunity
cardiovascular

researches ~ dermatology
develops infectious diseases

manufactures metabolism
distributes neuroscience
sells oncology
ophthalmology
respiratory
rheumatology
transplantation
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OUR PRIORITIES 41 X e W

GCROWTH  INNOVATION  PRODUCTIVITY PEOPLE

Technical Operations

®W ©

> 11 000 ~ 2 400 tons ~ 30 billion
associates drug substance patient doses
working in 25 produced each year tablets, capsules and
manufacturing sites vials for 250 different

in 15 countries on brands made each year

4 continents
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Factory of the Future: A new concept
Trends

20th Century Automation: “Replace people”
« Eliminate low added value tasks by automation, robotization and motion of mechanical devices.

21st Century Automation: “Help people to do their jobs”
* Focus today is on Information and knowledge.

+ Key to know in our processes, equipment and manufacturing plants
- what happened (historical information) & what is happening (real time monitoring)
- what is going to happen (predictive analytics) & and WHY is that happening.

« This will improve processes, remove sources of variability, increase productivity and build quality.

« What we need is the ability to extract information from the equipment, aggregate, and consolidate at
upper level and convert into meaningful information for the user (actionable information).

« Each manufacturer tends to force its own “language” and we strive for common languages that allow
the connectivity and communication across different brands and types of devices / equipment.
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Factory of the Future: A new concept
The triangle

Productivity

Robustness
Product and

Process
Knowledge
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Factory of the future: a new concept
The triangle

Productivity
OEE Uplift

1. Standardization Program
2. Technical Infrastructure
3. Global Data Model

Robustness Quality
Process Visualization .
(CPP's, Alarms) Automatic IPC
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Equipment standardization program
Design one, build many

Novartis is standardizing manufacturing equipment to

* Deliver procurement savings
- Simplify & reduce engineering and qualification with their implementation

« Simplify product transfers and better demonstrate comparability

Avoid «Novartization»
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Equipment Standardization =~ -

What is a standard? P ?(apt?

Visualization

Automation

Metal
Design ONE, Build MANY
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Equipment Connectivity
R.U.T.H. backbone

R.U.T.H.
backbone

Centralized G G

Standard

Infrastructure (SR L)
 Create a CENTRAL infrastructure
Simplify Equipment

« &7 Integrity CI)OO

SCADA/OS

_Z

Tablets Press Machine:1,2,3...
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Global architecture
Reliable & fully integrated solution as «best-practice»

ERP System
Office Network
(Level 4 I T T T
e.g. Stock-Labels, Warehouse,

&] Shipping Labels
e.g. Material-, Batch Production- e.g. Yield.
& Calibration Data L Mil J Goods Receipt )

Handling Unit Lak

"y NOVARTIS

"y NOVARTIS Deviation

o

CAPA System GISC-Labeling

Production Network e.g. Material & Batch
(Level 3) Production Data

Process Data
& Events

Recipe

Standardised (g‘ OSlsoft. Pl System

Recipe Mgt. (SRM)

il

e.g. Material & Batch Process Data
Production Data & Events

) NOVARTIS

PHARMACEUTICALS
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And also ...building a central data GATEWAY

Using a central infrastructure to write down

Simplifying to have a single (and
simple) mechanism to write down to
equipment (Initialization)
(NON-real-time-control)

Central DATA LAYER
for ALL data coming from

the shop floor
PLANT INFORMATION SYSTEM (Real time data infrastructure)

Scada 2 Senn Al Scada 4 PAT 1 PAT 2 BMS

) () (e (o) [
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11

AF bidirectional adaptor T




Simplification: a single data layer and data GATEWAY

Data at the core

MES

(muscle)

Central Data Layer

(heart) % - \
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Global data model
What is a data model?

Do we need structured data?
- Structured Data vs. Google / Big Data approach
 Big Data or...Smart Data?

How to build a data model?

 Two dimensions:

1. Process: Simplified S88 view

- Phases of the process
- Whatis important? (Alarms, CPP’s, key performance indicators...)
- When everything is important, nothing is important

2. Asset hierarchy. Aggregation levels
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Global data model
1. Process view

Activity Cycle of a Machine

Machine Operation Modes

Machine Status --
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Global data model
1. Process view Example: coating (warming and cooling)

&
o
N~
)
S
© 50
S
)
3
S &
= X

Time

What is the average?
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Global data model
1. Process view Example: coating (warming and cooling)

70°C

70

Temperature

20°C

Time

Establish process phases
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Global data model
1. Process view Example: Tablet compression with I.P.C.

Activity Cycle of a Machine

Setup Operating
Parameters
w Product

Add lubrication

Reserved Product Loaded Production Product Unloaded

Machine Modes

S88 Batch Unit Operation (Compression) Phases

Weight \I/ Weight l/

\L Weight
Sampling Stages Setting Run Start IPC End Control
Samples Samples Samples Samples
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Global data model
2. Asset view

AF Tree

—— - How do we want to aggregate our assets?
Site

sitex /
qoemsene || Area //

'[ Production AB ICeII
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Global data model
3. Combine asset view (hierarchy) and process view

AF Tree AF Library
MNOWVARTIS
Sngapore Slte *  arwributes = arributes = atributes
/ [setpoints, [Setpoints, [Setpoints,
Process Values] Process Vakees] Process Vakees]
Sitel * Real-Time = RealTime = Real-Time
-| Manufacturing ] Area /?
il Produwction AB I Ce II
Ll R EVENT FRAME EVEMNT FRAME GENERATION
GEMERATRIOM
2 ‘;\_'_‘_,a.?.m_’-—-,—;—’:! Interfacel I:‘:Lh__—-;.—
Unit _‘1 |"\.r"’f — —__:J\r.m |
I Interfacez |
| — P
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From site to enterprise: Federated model
Local data instance / Global data model

> =} How to move to the enterprise level?
*i Do we need a Global Historian?
/N Do we need a Global Data Warehouse?

L

Enterprise network

NO

_ We need a:
Site networks

M « Common naming convention

« Common data structure

Common DATA MODEL
Site A Site B Site C Site D

Common KPI and visualization
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What's in it for me?
The user view

What'’s in it for me?

(Who is the user?)

Who am 1? *~ :
.y
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Summary: Main business benefits
The Factory of the Future

1
IQP

(Lean / 6 sigma)

2

Manufacturing
Science &
Technology

3
Quality Assurance
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1. OEE (Overall Equipment Efficiency)
Options and possibilities

Provide information on WHAT is happening and WHY

- Site performance and bottleneck (2017) || What Management
* Process Unit performance (2016)

« Campaign

« Batch

« Equipment

* Phases

* Microstoppages Why Root Cause analysis. Problem solving

Granularity
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1. OEE: Campaign

|dle time interval between batches of ONE campaign

Caampaign

Batch | Tinme 1 |

Batch 2

Tirme2 | Batch3

Tirme3 | BatchM

Batch ChangeOver/ Residual Time

t NOovarTIS

SUMMARY INFORMATION
Total Time Time i Time
. overT ExecutionT
Cal I I palg I I Batchi 21-May-2015 11:55:06 | 21-May-2015 12:04:02 0 0:08:56 NSA
Batch2 21-May-2015 12:04:21 | 3-Jun-2015 17:04:45 13 5:00:24 00:00:19
Batcha 3-1un-2015 17:27:18 | 15-1un-2015 16:28:55 11 22:01:37 00:22:23
Batchs 15.Jun-2015 18:04:32 | 19-Jun-2015 15:29:33 321:25:01 013537
Batche 19-1un-2015 15:30:11 RUNNING 23 21:4m:52 0 0:00:28
Campaign NOVARTIS |
------- —
———————— I
....... -
........
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1. OEE: Batch

Batch efficiency: Compare across batches or machines

Machine Efficiency Comparison By Batches Within Campaign

|EﬁiciencyTarget | 40%

Batch  [v] Machine Efficiency[+

‘Batchl 46.6%
‘Batch2 43.9%
Batc h ‘Batchs 17.3%
#N/A
#N/A
#N/A
AN/A
#N/A
#N/A
#N/A

Drilldown

Refresh

) NOVARTIS

£0.0% -

50.0%

40.0% -

30.0% -

200%

10.0%

0.0%

146.6% *)“'\

17.3%

T T
FetteBatchl FetteBatch2 FetteBatchs
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1. OEE: Equipment

Machine cycle time: Compare batch-to-batch

. .
Compare Operation Times ) NOVARTIS
Product: | Galvus Met 50/250 meg | operation | settingrun | state | Runnine | Refresh Batches
Select a Batch: :Batch3 (Duration: 00:02:34) j Start Time:  15-Jun-2015 16:26:05  End Time: 15-Jun-2015 16:28:39 Duration: ~ 00:02:34
Select a Batch: :Bartch5 (Duration: 00:00:02) ~| StartTime: 18-lun-201516:26:17  End Time: 18-Jun-2015 16:26:19 Duration: 00:00:02
Refresh | geect a Batch: +Batch5 (Duration: 00:00:34) ~| StartTime: 18-Jun-201516:26:20  End Time: 18-Jun-201516:26:54  Duration:  00:00:34
Select a Batch: N/A ~| StartTime: N/A End Time: N/A Duration: N/A
Select a Batch: N/A | start Time: N/A End Time: N/A Duration: N/A

Equipment

Batch Duration

00:00:00 00:00:17 00:00:35 00:00:52 00:01:09 00:01:26 00:01:44 00:02:01 00:02:18 00:02:36 00:02:53

:Batch3 (Duration: 00:02:34)

:Batch5 (Duration: 00:00:02)

:BatchS (Duration: 00:00:34)

/A
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1. OEE: Phases. Machine efficiency
Factors: Setting run, standard run, tableting rate, good tablets

. - o U
Machine Efficiency for Individual Batches NOVARTIS
e ] E— —
| Batchz | | 0.0% |
Batches available Standard Run to Batch Cycle Ratio Setting Run to Standard Run Ratio Average Tableting Rate to Design Rate Good To Total Tablets Ratio
Batchl Standard Run 0 0:02:34 Standard Run 00:02:34 Avg Tableting Rate 14 Good Tablets 51
Batch2 Total 523:32:52 Setting Run 00:01:17 Design 20 Total Tablets 51
Batch3 Ratio 0.00029801 Ratio 0.5 Ratio: 0.7 Ratio 1
Batchs Bad Tablets o
Batch6
Total settinzRun RN | | | o
Phases Total Tablets
standard Run standard Run AvgTableting
Rate Good Tablets

What is available now: Next steps:

v' Tableting rate % Target production
v' Tablets produced % Projected production complete time
v Current time o

% You know @ Real time — Production will be on time or delayed
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1. OEE: Micro-stoppages

Drilldown to causes of stoppages

Uy NOVARTIS

SUMMARY INFORMATION
Occurences No. Of Categories Total Duration of Microstoppages Longest Duration of Microstoppage

10 Time(s] 2 Categories |14 days, 22:49:15 8 days, 23:16:46

Duration/Category

product Name B patchip [ oOperation Mmodell] phasf pDuration B  Diagnosis Group [l Diagnosis cod i Diagnosis Text

2 Galvus Met 50/850 mg Rechnerlauf Held 01:17:57| Control Terminal |1216 Kommunikationsprobleme Historian <-> Presse

2 Galvus Met 50/850 mg |CM-BATCH-3 Rechnerlauf Held 3 21:20:59| Control Terminal 1216 Kommunikationsprobleme Historian <-» Presse

2 Galvus Met 50/850mg |CM-BATCH-3 Junbekannt Held 0 0:01:04] Production Procedure [ 5000 Achtung: Stopp-Funktion deaktiviert

2 Galvus Met 50/850 mg  |CM-BATCH-3 Rechnerlauf Held 20:29:49 Control Terminal 1216 Kommunikationsprobleme Historian <-> Presse

2 Galvus Met 50/850 mg :Batchl Standardlauf Held 00:00:18| Production Procedure [5190 Einzelwert Gewicht auBerhalb T2-Grenze (Station 1)

2 Galvus Met 50/850 mg ‘Batchl Standardlauf Held 00:01:38| Production Procedure |5146 Tabletten-Gewichts-s-rel-Grenze Gberschritten (Station 1}

2 Galvus Met 50/850 mg :Batchl Standardlauf Held 00:00:40| Production Procedure [5146 Tabletten-Gewichts-s-rel-Grenze Gberschritten (Station 1)

- 2 Galvus Met 50/850 mg :Batch2 Standardlauf Held 00:04:12| Production Procedure [5146 Tabletten-Gewichts-s-rel-Grenze Gberschritten {Station 1)

Mlcrostoppag eS 2 Galvus Met 50/850 mg :Batch2 Standardlauf Held 23:16:46| Production Procedure [ 5190 Einzelwert Gewicht auBerhalb T2-Grenze (Station 1)

2 Galvus Met 50/850 mg :Batchs Standard run Held I 00:15:51| Production Procedure [ 5190 Individual value weight outside T2 limit (Station 1)

Longest time machine was stopped / most frequent causes of stoppages are best visualized in Pareto
Charts
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2. Product and Process robustness
Options and possibilities

Alarm information, aggregated view

* Impact analysis

Duration

Max. excursion

Aggregated and pareto view
 Etc.

Process and Product robustness

* Critical Process Parameters (CPP’s) monitoring
 Early warnings

* Increased knowledge about Process and Product
* Yield
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2. Product and Process robustness: Alarm pareto chart
Apply 80/20 rule to identify stop diagnostics activated by occurrence

Refresh [ Hide Cumulative % Show Cumulative %

-Code Count -Cumulative% U N OVA RT I S

Alarms Pareto of Events, Occurences by Count
35 100%
90%
5
B0%
25 1 70%
60%
2]
50%
15 4
40%
1 30%
20%
05 A
10%
o - 0%
5190 5146 1216 5000
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2. Product and Process robustness: CPP’s view
Compression force, filling depth, cylinder height, average weight

i Currently sharing | Give Control ~|

R Stop Sharing

)
CPP’s
[E] Assets
HCHBS-TBOO1\TQS_DEV_DB\Novartis\NSPM\Manufacturing\F
8]
T CHWST-111-FD032_10275

Search by FLOC of
plant layout Machine
Number or Name

> © ke
29/9/2015 10:28:50 AM - 23/9/2015 10:29:53 AM (Im E

> @ Complete

earch

: Search by BatchID Operat|on
Mode (Setting Run/ Standard
Run) and by Time Period im s

enmavad avievias A ang qong (1d) 1w/

No of Tablets
Outside Range

Setpoint

SummaryDisplay W

Qﬂam eters
rﬁsmall« 72 | tablets smaler - T1 | \mblemarger -1 | \nbmsla:ger 12 | | Lubricatuiob L cycle | | Bobricatuiob 2 cycte |

gﬂ

115 10:20:5{10:22:03 AM +1m Ss|

Tm 53s 29/9/2015 10:28:50.543 AM
e i s e |
PY
25/9/205510124:5110:22: 03 AWM Lis5s| o 7m 53s 29/9/2015 10:28:50.543 AM
61514 —
Py
i1 R
Tm 53s 29/9/2015 10:28:50.543 AM

29/9/2015 10:20:5[10:22:03 AM +1m 5

——
29/9/2015 10:28:50.543 AM

|amo)
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3. Automatic in-process-controls
Options and possibilities

 Eliminate manual sampling

» Feedback loop with sampled values

* Minimize operator presence in the room

» (What causes the deviatons: equipment or people?)
 Eliminate paper

* PAT?

« Many machines have «embedded» PAT sensors we are not -
using («PAT ready»)

» Crawl before running!!
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3. Automatic in-process-controls
Tablets weight aggregated and statistical view

Tablet Weight ) NOVARTIS
- Select Product: [ Gatwus Met so/BsOmg E| Start Time: 18-569-2015 12:20:10 End Time: 18-569-2015 12:37:13 Ouration: 0017.03
Select Caquipment: r "I
Select a Batch: | - --—-Barchs sandard run =|
Aggregated
Hatogram Summary of Individual Tablet Weight at each Sampling Point
L040.0
h 10800
| I | | " " L0200 | = = =
I xou00 | ]' '|' T T '|'
;:,mo !
- wan | l |
| o ! 1
| H
9700
9600
00
w00
- 1 2 H N 5 . 7 5 ’ 1
Sampling Point
B MarWegtt  — MW EN e MW gt Ti - Tablet Wieighe Limiy Th» Tablet Weight Urmit com T - Tabiet Witlght Limit e T = Toblet Wieight Limin
Rem Ve Unit
Mtan Vil 991 L
Mg mum Value 1030.0) ]
W Ve #80.0 -t
Seancard Deviaticn i1 »
Tidal Mumber of Tablets 200 pes
Number of tamgles 10
Kumber of Tables ger Sample it 23]

L-] (-] o o (-] o £-3 L-1 o (-]
—— vt e @ SerBtrt s et *
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3. Automatic in-process-controls

Tablet weight detailed view

Select Sample Number:

I TabletWeight (Sample Points 1/ 2) j

TabletWeight (Sample Points 1/ 2)

Detailed 100

A

A

WA

Al

NAA

Weights(mg)
g

. \J\/

\/ \

!\/\

ghL:

Vv

960
0 5 10 15 20 5 30 35 a0
=@~ Sample points 1and 2 T1-Tablet Weight Limit Tl+TabletWeightLimit — ==e=T2-TabletWeightlimit — ====T2+TabletWeightlimitf — ssSetpoint
Samplel  |NoData 1030 970 1020 930 9806 1002.35 1018.5 123
Sample2  [NoData 1030 970 1020 930 821 1002.68) 10194 109
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Novartis automation strategy
The Factory of the Future ... is possible today?

The Factory of the Future:
What does it mean?

Is it possible today?
Solution Business Challenge Anticipated Results

Increase OEE,
and drive it in a consistent manner

Increase product and process robustness
and knowledge

Standardization initiative Identify the USER

Right infrastructure, partnership | Provide a Role based

and commercial agreements information Increase productivity.

Avoid manual in-process-controls. Avoid paper.

Engage the User by providing
actionable information

Global data model

Increase quality.
Robust automatic In-process-controls
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Antonio Buendia
Contact Details

antonio.buendia@novartis.com

Head of Manufacturing Process Controls, Automation and
Electrical

NOVARTIS PHARMA AG
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