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“Industry 4.0” Approach in Pharma Operations:

Continuous Pharmaceutical Production for Oral Solid Dosage
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Agenda
W Intro: Industry 4.0 philosophy at a glance /4. OY i #p |

What is continuous manufacturing in Pharma Production? ##/Z5 770 #, (124 /2
LA,

Advantages and challenges #7 x71 #/#k54

Types of continuous manufacturing lines i£4% 144 7246 fh 25

Continuous wet granulation manufacturing Line 4% /4072 #)#7 4 7246

Direct compression lines & #Z/% /i 744774

PAT integration PAT# 4

 Industry 4.0 — other aspects to be considered

L4, 0 - RAH 175 /2 1) 7 IE
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Industry 4.0 — the 4t Industrial Revolution

IW4.0 - %@%I—l[kﬁf’% Industry 4.0
Industry 3.0, Networked
Industry 2.0 Autgg;%ed Ed

Industry 1.0 ., Electrified N

Mechanized a4 =
ﬁﬁfﬁ 200000000 D

Begin of 70" century

First programmable Today

Begin of 20" century  |ogical controller %

First production line at (PLC), Modicon 084 ‘

Cincinnati in 1969 Connected, ggg
End of 18t" century  slaughterhouses in 20BET0F AT virtual,
First mechanical loom 2’108@3%&7 ﬁ dlcz; zﬁﬁﬂiﬁgg & augmented 7t
in 1784

F—F L T 18705 7
184 Al e/t Electronics and IT HF A B
BBV HA AP
the help of electric power UL K950 7 FIA B~

AL F1784%F Mass production with

LUK FIZET B0 T HIP LR 2 A

Mechanical equipment with the help of water and steam

Reference: Umsetzungsempfehlungen fiur das Zukunftsprojekt Industrie 4.0, April 2013
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Goal: Individualization (Lot 1)
at the cost of a mass product
£IR:  LIAHBEALT91COMH9
TMEW (HELD

Highly flexible, productive,
resource-efficient production
RERIEG FE™T] BRW
L

Real-time adjustment and
optimization of processes

Ll BRI FEL A

Intelligent assistant systems
support the workforce

T IR E FER R

The Characteristics of Industry 4.0
T4, OB9#E

1. Mechanisation

First mechanical loom in
1784

1. Industrial revolution

Through the introduction of
mechanical equipment with
the help of waler and sleam

End of 18th century

2. Electrification

I

First production line at Cincinnab:
slaughlerhouses in
1870

2. Industrial revalution
Through the introduction of
mass production with the
help of eleclric power

rﬂaniming of 20th cantuny

2. Automation

G

First programmakle logical
controller (PLC}, Modicon 084 in
1969

3. Industrial revelution
through

The use of electronics and IT
for further automation of
production

Ianm T0s of 201h cantuny

4. Industrial revolution
Based on cyber physical
systens

[

Degres of complexty




The Digital Agenda and Industry 4.0 27 FEA T W4 0

1.) The Digital Agenda — not only a production topic
HFHRFE - HFRBLHIRET

Digital Economy (B2B) #7574 (B2B) Digital Society (B2C) #/F7l= (B2C)
» Industry 4.0 and internet- « Smart Health #g5#5

based economy 7 W/4. ORI T EIZ - Digital information society #5587 %
= Smart energy networks FEELE 24 = Smart home #&gese

=  Mobility (electric mobility,
automotive, traffic)
PLEIHE (B IIPLEIHE,
RE KE)

Basis for a Digital World 277/ /7 /7247

«  Network expansion & network « Education # 5

neutrality pys&4™ERIM2& 01 « Data protection 27777
= Cyber security iz




The Digital Agenda and Industry 4.0 2= 2/ T V4. 0

2.) Industry 4.0
T4 0

Mo biltunk

Industry 4.0 — Cyber-Physical Systems 7/4. 0 - M- 75

B Products with embedded hard- and software / Tracebility
PBEIRA BB EFTECA L/ BRER = 1i7
B Sensors and actuators responding to the physical environment / input

W L Y BEIR B I 1% B T 5 %

B Use of Internet protocols and services to networking

AN

Vermetztes

Eﬁ@ﬁ %ﬁ%@ﬂﬁﬁmﬁﬁ System |m:
B Interaction across application borders atiage: mSgtiing R
SIS TR I EL (o ey S
B Control business and complete value creation S j oo wm——-— i
networks in real-tme == Aktorik Teilsystem Sensorik Umgebung
SEAF BE AN 55 152 B O (B B8 P U—

Legende

—---=  informationsfuss ——=  Enecgiefuss — Stofeuss

Source: www.acatech.de/cps und Gausemeier B wesmiin S o dion



The Digital Agenda and Industry 4.0 27V T V4. 0

3.) Industry 4.0 — Cyber-physical produktion systems
Networked people and objects decide cooperatively

3.) LW 0 - WE-YELEZHE MELHINFIYFEEIRE
Industry 4.0 and the human being 7)/4. 071N 2

m Networked objects initiate and deliver information and data for decisions

PIZE L IR 5 307 58 LE T e Y s B8 R o

m Processing and distribution of information in real-time =47 4) 2271 4 e 15 5
m People / employees do decisions; individually and in groups groups

AR/ BRI S5 UPAFIG DA
That means... XEHE -

m Mobile information and communication technologies for employees

— even on the shop floor Z 242 % /6] 7 T #5 A& /5 #5015 E A5 7R
m Access to information in real-time 24/ 4 (5.5

m Group communication 2743
m Social Group Decisions for effective decision findings 7+ &£/t 55774 7 301 e 5 44 52

Source: www.acatech.de/cps und Gausemeier




Continuous Pharmaceutical Production
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Primary manufacturing steps Secondary manufacturing steps
PIRLTH T ARLTL L
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Batch vs. Continuous Manufacturing

HEEFE vs. FELIEEFE

FROM THE DOSER (;/-4/vi# A\ i#17%
INTO THE BLISTER 2 =it st it izt & - b

A continuous manufacturing scenario
for tablet production

Source: Siemens:Continuous manufacturing — Moving towards real-time release

TTE
COMPACTING
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Batch in Continuous Manufacturing

ELEEAE = 1 77 7
Batch 1 Batch 2 Batch 3 Batch 4
Oh 5h 10 h 15 h 20 h
Y
Time
77 /8]

Batch 1 Batch 2 Batch 3 Batch 4

0 kg 20 kg 40 kg 60 kg 80 kg
0 tablets 80k tablets 160k tablets 240k tablets 320k tablets

g
Amount / Quantity

HE/HE
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Motivation & Drivers

SIPLAIHE) 77

Less material handling
is required A7 7 177
LB E

Smaller footprint leads
to less energy
consumption /& #/E
B, BESRIHFENG

No intermediate
product storage

FEIE 75 FF 18 i

4[

Safety and Eco Footprint
LR RIEREL

Lead Time

ZHAT }

CMA] b

CM to reduce costs

4

CapEx & OpEXx
HELHFEEZH

TTE
COMPACTING

Time-to-Market

BKHT 6]

Motivation

& Drivers

ZHLAIRS) 77

Product Quality
JEdn A

Explore a wider range of process
parameters with less material and
in less time L{ & LRI FIFIEL B
B JIHRE E) 2L 2S5

Possibility of producing
virtually any required
batch size with smaller
equipment range

H] LI DRI R 2578
L7 L P B A

Batch Size
HEKL

Flexible batch size
determined by time and
production capacity

H] H B [ R P2 e 7 R
REHMEAX

Process performance Yield

2-sigma 69.2%

Scale-Up
A 1% HE B8 1

Product Loss and QA
Costs

Jodn BFE T B RAE A

3-sigma 93.3%

4-sigma 99.4%
5-sigma 99.98%

6-sigma 99.99966%

Implementation of PAT and APC to
achieve higher process stability 72/7

PATHIAPC, FRAZEEHI T ERENE
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Technical challenges

S 171

Reengineering of unit operations

LT ERIEHT PG

Gaining process experience with the continuous equipment

RFFEELENE 25 I EEL B

Continuous transfer of the materials from one operation to the next

LGP — N ERIEFEBEE | — 1 2R (F
PAT and Real-time Release implementation
PATFISERT K 77 SE

Product tracing and rejection =/ #2717

Overall control system with advanced process control algorithms

R SEH L FEFE. /%‘/ﬁ AR B H R G

S FETTE
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Continuous Manufacturing - Key Facts 454> — HEEH

Big Pharma has widely evaluated CM in the last 5 to 10 years.

L LHISE10FF, KBHZ AL 7] 22 8- T CH.

» The point-of-no-return has been crossed!

Generic manufacturers are behind Big Pharma but currently start to invest.

—) SEE T ABEHZ AL A, EHEE OB E

Wet Granulation and Direct Compression are both important. JZ/2#/#/ 71 B /% 1 Z5R Z 2.,

» Wet Granulation (WG) is at the moment the dominant route of manufacturing
» Direct Compression (DC) is often selected for first investment in CM as it is simpler than WG

CM is relevant for new drugs and also existing batch products! CI/-5 37 Z5 751 B #1477 i Z 7 !

» Vertex got FDA approval for a new drug Orakambi
» J&J got first FDA approval for shift from batch to CM for Prezista in early 2016

CM is promoted by FDA. FDAZE#CIL,

Equipment suppliers have started to develop CM technologies and equipment:
Fette Compacting, Glatt, GEA, Bohle, Bosch,

BN LTI R CUEEARFT A GEA, Glatt, Bohle, Bosch Fette Compacting.

CICOROIONRG
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Test Facility at Fette Compacting Germany

7 FEFF I i B 75

Feeder

b i

Blender

NIR-sensor
NIRfE ¥

Tablet press

Vi Yey/

VisioNIR-
sensor

VisioNIRfE/EH¥

© Fette Compacting | Continuous Pharmaceutical Production for Oral Solid Dosage | 14



Technical Aspects of the Tablet Press

LES BLEER ]

Operating continuously by design #1727 1/-SL 8] %45z 17

Data aquisition and management in press

FELEfi Wl LA T IR 2

Software development is core expertise of Fette Compacting

BT RAEFEFHIE D& K

Hard- and Software modifications possible for new
and existing equipment

IR EFIHAH B a5 P e (TR K

In-line PAT implementation Z&/4PATS2 )




Industry 4.0 implementation

The major challenges are still in the field of IT

T4 0L ITSIR 37 EE A #h58

ETTE
COMPACTING

Unique identification #—#x#

> |Pv4 addresses are used up (4.3 bil.)
> |Pv6 is hardly applied by corporations
> |Pv6 is essential for the “Internet of Things”

Intercommunication =z ##

many protocols available

no standard protocol determined
industry-specific solutions on the way
Combination of IT security and operational
safety

Vv VvV V V

IT security and trust £ &8 &%2/54

> Access control - available, applied
> Usage control —> available, hesitation of
industry

Basis for
Internet of Things

Basis for
Industry 4.0

Basis for
Digital Factories /
Additive Manufacturing

e

T4, 0F 7Y

HFHTLS/
B0 L2



Industry 4.0 is more than just Technology
... Itis a holistic concept

L4 OPRRBEAR, EE—FHEBEUE

B 1 16/ Information usage today Information usage tomorrow RFHIE BAEH
o LEEE R, TN * Indirect information flow, non-connected » Direct information flow ® EFFER
o O iIREAE T ;Z“zf;f? 's recorded, often converted = Central high-scale collection and processing ofe -4/ /. 412 5 1407
N » heterogeneous data
© L/ M T * No/inefficient usage of available data . _ _ _ ® JILEHIT ) A A
o TSI A . e Analvtics” in the indust * Digital copies of machines and factories A7)
L AEREATI . ew usage of “Analytics” in the indus PR ML Tk
sector J y Y » “Big Data”, “Analytics”, and simulations o AU /:_’Wﬂfﬁ;%gﬁﬁfﬂ
> Real time monitoring and predictions > S Iiy’/,/
> Maintenance and reliability forecasts > ggﬁjmﬂfﬁﬁﬁwy
> FHEERS

> New after-sales services

____________________ 1 =

>
1
\ v W 7 W 4 7
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—3  nformation flow
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Connected Devices exceed the world population
... already since 2008

2008 FEIHM 1 85 ST IR [T

Biliion

7.2 25

Billion Billion

Bill.ion Billion

s

2008, more

connected devices 6_ 3 50 0
than people Billi 11l
20084, B p— —

%ﬁﬁﬁﬂ%n WORLD CONNECTED

o R P4

g REP=N

§3.47 B
% 1.84 w0

$0.08::

CONNECTED A A5/ ¢ 4

PER PERSON Source: Cisco IBSE, Aprl 2311
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Successful implementation of Industry 4.0 requires
to address and overcome challenges

SRS T4, 07 B IR 5P ohit

Human aspects A @7 IT and legal aspects .8 AFEE I

> Employees’ acceptance of the new technology > Hesitation towards changing a running system
> Qualification and Training > Hesitation towards transparency among the
> Motivation and continuous learning supply chain

> Slow establishment of horms and standards

Exotic products #5454 Data quantity and quality #1774 & #71/%

The whole supply chain / manufacturing Limited real-time processing capability
process needs to be pre-planned and > Selective data processing

digitalized > Users’ resistance towards continuous machine
—> potential effort / output gap monitoring and analytics by the manufacturer

A real paradigm shift:

Organizational aspects A4 77 “Industry 4.0” cannot be realized with
Users & Operators on “level 2.0/ 3.0”

> From “central planning” to “decentralized

) gc;]ntrol_” 4 tunet EEE??EEC% ﬁ“:
anging processes and functions “o 0/3. 0/?{7/@Fxﬁ7§§%‘f)ﬁ?¥ﬂ.f)[k4 0”

> Cooperation with workers councils

ETTE
COMPACTING




THANK YOU!
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