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Continuous Manufacturing — A Trend in Pharmaceutical OSD Production

#Eg “ L4 07 : FELELS—— BB FT LR E S

Dr. Andreas Risch % Z & /54
Managing Director & Z5 2

Fette Compacting (China) Co. Ltd. F4F (/7)) #Z5F1# AR 2 A

........ ? FETTE

COMPACTING

..........
......

[ ]
..: :.0



Fette Compacting — the Global Market Leader
FERELEJ—— 2 TRIE S BT ST F

® Founded 1908 by tool-maker Wilhelm Fette 1/ /19084

* HQ located in Schwarzenbek, Germany {25 /i 1-72 577 L2 F /7 1 i Fr 5200 5

® Production facilities: Schwarzenbek Germany, Nanjing China 7./ : jii /1 0 i, kT

® 800 employees worldwide (thereof 70 R&D and engineering)
LIRE001I 7 T (U 7000 L N 57 B TFEN)

® 12 subsidiaries /127~ 4 5]

® 5 Competence Centers 575577 110

* more than 100 technicians worldwide £5t700% /£ j5 T 72

> 70 years Fette tablet presses
> 70 Years of success since 1948 >704¢ 4 125 47
Installed Base > 5,000 machines globally 75000 £ 74 %4 4

Production > 260 machines p.a. worldwide %z 7747260 2 2 5l 7
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Company Profile of Fette Compacting China
(
FR (FE) WAPRFRAA 15 Years in Nanjing — since 2004

» Fette Compacting (China) Co., Ltd. is 100% invested by Fette Compacting GmbH.
Total investment is over 18 Mio. USD. The China production started in August
2004 =» Move into the new state-of-the-art Plant in 2018

FERF o 1 TR I 4 i, SR FETL,800 7T, L) F
20044E8 J FFHR B>, HT20184FEEEH L)

» With over 1,000 sgm and latest technology, the Fette Compacting China
competence center is the largest of its kind in Asia, setting a true benchmark
in the industry. Experienced competent teams provide best-in-class solutions
and trainings for tablet and capsule production of all pharmaceutical,
nutritional & industrial applications

FCN — new Plant: Office Building

» Nanjing is one of Fette Compacting’s global factories, following the stringent
German Fette Compacting quality standard.

BN L) BIFERFELRY L) 22—, B E TR, PREER.
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FE – Fette Efficent， launch in 2011


Company Profile of Fette Compacting China
FHF (FH) HWEHPEEARA A

» Fette Compacting China is specialized in manufacturing P-series
(P1010 / P2020 / P3030)
=> high speed tablet compacting machine.

FERFf FHE W 4P £FY (P1010/P2020/P3030) A B IEFRALES Bl -

» All P-Series(P1010/P2020/P3030) produced in Fette Compacting
China passed the “CE” certification, to ensure that the products meet
the requirements of EU regulations and standards from all aspects.

SERF AP TP FF (PLO10/P2020IP3030) BB GERCLEH BIAY o
L TCEZIE, MR M BIEEIH T T — TR B AR Vi Office with FCN Plant

HYEAL & Competence Center

» Total production is over 700 Machines at in May 2019: over 300
customers, including more than 200 Chinese and about over 80 foreign
customers (Export business).

> 700 P series
£ 0 PRR R produced

05.2019: L
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Global Setup of Fette Compacting
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USA

FETTE COMPACTING

EuroPharma GERMANY

UK

World market & technology leader:

1E2 ERIE i PLIT W - R

* Global installed base : > 5.000 mach. .
FERFLIREEDL B B > 5,000 & i

. @

*  Global Market Share: > 50% R B
LIRTT L5750 > 50% ?
high-end China market share: > 70 - 80%

o [ /By By 17 57 > 70 - 80%

'E COMPACTING
ASIA PACIFIC

TOP 10 pharmaceutical companies in the world are all Fette Compacting’s SINGAPORE

customers  £BERALOFKHZ L Tl A2 FE/F

Success since>-70 years (1948)

FETTE COMPACTING
NANJING
CHINA




Holistic offerings by Fette Compacting China

FERF A R LT BT T
The entire process chain from one single source plé
(China & Export) PROCESS
A LU R RN AR RS (78 B 2 7E9)) TECHNICAL EQUIPMENT
FIELD SERVICE pran)
BARRS
@ EFFICIENCY
GUIDE
TECHNOLOGY stands for everything, we offer in MAINTENANCE,
tableting technology from tablet presses through MODERNIZATION
process equipment to tableting tools. Sedp 1% B

R i VLT TE I I G blass FIPLAIEER -

is the overarching idea behind all our
process-related services. This includes training offers,

TRAINING and
product trials, application and OEE consultation, and CONSULTING
: : SPARE PARTS
engineering.

BB
FCHBN T FEE L 7T LSRG S RS EE &

SERVICE includes all the services related to

machines and equipment, such as the supply of spare PRODUCT OEE
parts, equipment modernization, and the technical TRIALS and PROCESS
field service. ENGINEERING OPTIMIZATION
QB EBEE. REHHARS 7 LR T R s Bk



演示者
演示文稿备注
We are not solely a manufacturer of machines, rather we accompany our clients along the complete process chain of tablettig production
Technology 
Competence
Service  


Product Portfolio /= 3444 — K #
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New: Fette Compacting Capsule filling machines

Br: FERFR A TR 7P

FEC 40

Next generation capsule filling technology

F— IR BRI

> Duplex Concept for high flexibility, efficiency and
performance

RFEES, ERT Rrst

> TRI.LEASY - for swift cleaning and turnover
TRY.EASY ~ e 57 75 Al 7= i G 1

> Advanced HMI for easy, intuitive operation

BNV IR, HRIEE T H B

> Highest output up to 400,000 capsules per hour
#7771 A RE DT 40 77 FL I




Agenda
WEE lntro: Industry 4.0 philosophy at a glance T4, O |

What is continuous manufacturing in Pharma Production?

- ERET, fFARELEE?

Advantages and challenges

- R

Batch Production vs. Continuous Manufacturing

KL= GELEET™

Direct compression line

- HEEALETH

PAT integration
- BAPATHER

Application Example

WA

o

Industry 4.0 — other aspects to be considered
PACTING %4. Q _ #Mﬁ%m‘ ‘Production for Oral Solid Dosage |9




The Characteristics of Industry 4.0

T4, Of9%E 5

m Goal: Individualization (Lot 1)
at the cost of a mass product
H#r: JHHEE 1AL
TEER] (Cg1EH#)

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

B Real-time adjustment and
optimization of processes

Ll BRI FEL A

m Intelligent assistant systems
support the workforce

XIFRRIERHIE R R R

1. Mechanisation

saoe00n0b First programmatle logical Based on cyber physical
controller (PLC), Modicon 084 in systems
19649
3. Industrial revolution
thraugh
First production line at Cincinnati The use of clecironics and IT
siaughterhouses in for further automation of
1870 praduction
-
£. Industrial revolution
: - T Through thes introduction of
:’;r;:nmchaﬂmal loom in mass production with the
help of eleciric power
- -
1. Industrial revolution
Through the introduction of
mechanical equipment with
the help of water and sleam I
End of 18th century rﬂnglnnlng of 20th centuiny Ian:Iy To= of 20th centurny IYraday

2. Electrification

3. Automation

i

4. Industrial revolution




The Digital Agenda and Industry 4.0 27 FEA T W4 0

Digital Economy (B2B) #/=45% (B2B) Digital Society (B2C) 2/ 77/= (B2C)
* Industry 4.0 and internet- » Smart Health &g er

based economy L4 OFIZBEMEZSF | |+ Digital information society  groze g a
» Smart energy networks & E55F %%  Smart home  ggose

«  Mobility (electric mobility,
automaotive, traffic)

BT (A3,
PE )

Basis for a Digital World ﬁ?ﬂﬁmgﬁ

* MNetwork expansion & network » Education #HF5
neutrality L5 G FRERI P25 i 37 - Data protection ZH#F4ERF

- Cyber security  W4%4

The Digital Agenda — not only a Production Topic
HFURFE - HFERBLTHI RS

11



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

Industry 4.0 7/4. 0

B Products with embedded hard- and software / Tracebility

TEBRA S ERIEA T BRER 77 it

B Sensors and actuators responding to the physical environment / input = 1} | |

IR 1S/ B\ 9 P B A5 ol o8

B Use of Internet protocols and services to networking ———
T X AR 1 11 —pEN.
B Interacti lication bord =
nteraction across application borders e — Mensor-Maschine.
: :| R L e
BT RES P SRR [ S |
B Control business and complete value creation U R Toisystem .
networks in real-time = ==
SRS R 55 155 B M B P25 —-—
1 imeme Einnen e

Source: www.acatech.de/cps und Gausemeier



What does this mean for the Pharmaceutical OSD Production

XIHIZ5E = HI B X

INDUSTRY 4.0 OR “MADE IN CHINA 2025”
IN THE PHARMACEUTICAL INDUSTRY

il 25 Tk R
Tk4.0 Bk 2 “FERFE2025”

SR OGOMPACTING
SEEEE O @ Fette Compacting | Continuous Pharmaceutical Production for Oral Solid Dosage | 13



Evolution of Tableting Technology

[E S BERHIE T

90s / 200X

»Right now, manufacturing experts from the 1950s would easily recognize the
pharmaceutical manufacturing processes of today. It is predicted that
manufacturing will change in the next 25 years as current manufacturing
practices are abandoned in favor of cleaner, flexible, more efficient
continuous manufacturing.”

m4, RE20HL50E MM MAETERK, BRI HE R HIARKIHIZ T
Z. WUMNA, EARRK25%E, BAERAKHAG T ZHSWENEE, RiE, B
T e R S 3 BT B A

‘ Dr. Janet Woodcock, US FDA, October 2011

© Fette Compacting | Continuous Pharmaceutical Production for Oral Solid Dosage | 14
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如今，来自20世纪50年代的药品生产专家，能轻而易举地识别出现代的制药工艺。可以预见，在未来的25年，现在用的制药工艺将会被更加清洁，灵活，更加高效的连续制造所替代。


Continuous Pharmaceutical Production

Zydg LT

\ ) J
| |
Primary manufacturing steps Secondary manufacturing steps
PIRLTH T ARLTL L

© Fette Compacting | Continuous Pharmaceutical Production for Oral Solid Dosage | 15



Routes of Manufacturing

e im0

o (ot )

Direct Compression

—_— ¢ OO
(%

4

Tablet press

e

© Fette Compacting | Continuous Pharmaceutical Production for Oral Solid Dosage | 16



Continuous Manufacturing - Key Facts 27404 s E ZH %

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.

25 5% G TAEFHZA A, HIE W CIFIERE

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

6 Drug Products already
approved by FDA
64124 i L3R

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

s FETTE
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Batch vs. Continuous Manufacturing

HKEFZ vs. FELLEF

© Fette Compacting | Continuous Pharmaceutical Production for Oral Solid Dosage | 18



Batch vs. Continuous Manufacturing

HKEFE vs. ELLEFE

_—
- _—
i

- e

y g—

—

Batch Manufacturin
I REREF=

i

= Spatially and temporally independent 5 = Mechanically interlinked production processes |
production processes (‘ resulting in a single material stream
L 2RI s 4 LT Z 00, PR

-

= [ndividual control of unit operations S = Central control of different unit operations
PG E TS N T

= Storage of intermediates waiting for @ = No storage of intermediates .
release and downstream processing F T R -
LZ LU HFEFH, 720 ] T 1 A l

- - 4
y & L

! J N
by = COMPACTING




Motivation & Drivers

SIPLAIHE) 77

Less material handling
is required A7 7 177
L PEE

Smaller footprint leads

Safety and Eco Footprint
LR RIER B

Time-to-Market

BKHT 6]

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

Batch Size

HEX

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

H] LI DRI R 2578
L7 L P B A

to less energy
consumption /& # /&7
B, BEBHFER

Flexible batch size

Scale-Up

determined by time and

] # L G128

Lead Time

No intermediate
XEHRT 1A

product storage

L X I

production capacity
] H 1 [E] I = 77 R
RIEHEA

- il

Motivation
& Drivers

EHLAEES) 7

Process performance Yield

2-sigma 69.2%
Product Loss and QA Cost
JEa BRFER NG B AR/ K

3-sigma 93.3%

4-sigma 99.4%

5-sigma 99.98%

6-sigma 99.99966%

CM to reduce costs

CMA] b

CapEx & OpEx
HEHREEZH

Product Quality
JEdn A

Implementation of PAT and APC to
achieve higher process stability /47
PATFIAPC, ZAZE=HI L EREM

© Fette Compacting | Continuous Pharmaceutical Production for Oral Solid Dosage | 20
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Technical challenges

wZAR L%

S FETTE
P ,; COMPACTING

Reengineering of unit operations

2 1) B G

Gaining process experience with the continuous equipment

RAFFELENE 1 25 I L B

Continuous transfer of the materials from one operation to the next

LM BRI — P BRIEFEBEE T — 1 B IF

PAT and Real-time Release implementation

PATBER R SERT AT

Product tracing and rejection

T ER B 7

Overall control system with advanced process control algorithms

R AL ﬁﬁ'ﬁ/ﬁ LB IEH R4



Direct Compression line by Fette Compacting

FEFFE IR 4%

Based on advanced FE series with integrated
controls for the whole DC line

BT IEHHIFE XI5, AJX G H o 715 )
Easy to operate
HRIE i H#
» Flexible setup suitable to process material of 5
up to 300 kg/h
4 r7pE 7] : 5~300Kg/h

= Integrated inline analytics for real-time am [\ i e -
monitoring of APl concentration | ! ¥

» Test facility available for products trials

W11 ] TR 7 i i 5

. et o g e ES S .
SO il A I aiag e IRBCL) . -
N 1 = ; e E

s gl g o oy

© Fette Compacting | Continuous Pharmaceutical Production for Oral Solid Dosage | 22



Technical Aspects of the Core - Tablet Press

LES BLEER ]

Operating continuously by design

Data aquisition and management in press

FELE A DI R RER E 2

Software development is core expertise of Fette Compacting

KT R B IEFFHI B T K

Hard- and Software modifications possible for new
and existing equipment

B & FIH B &5 7 BERAT IR R BB

In-line PAT implementation

FELGPATEH




©) 140826 17.11.2017

Batch: Sample Batch

Control system & Process Automation i

fﬁ? ﬁ‘l/ /% (éﬁ‘ ﬁ 5 Z—ﬁ% RECDEI tandar ” “ | Operator: FetteAdmin e

'.if‘; 1.244.000 00:00:00 ()
- 3 I’ e 0 19 / min L@;

Main menu | FE55:249999 Standard run

) 14:08.08 17.11.2017

Recipe: Standard Operator: FetieAdmin :v-:\ Batch: Sample Batch

Main menu > Functions > Feeder 1 FE55:249999 Standard run

00:0000 (B
19/ min @@

1001 | max. Feedrate | 0,000 0,000

1002 | Feedrate 10000 10,000

1003 | Totalizer 0,000

1004 | Contral command [ 0,000 |

1005 | Motor speed | 0,000 |

1006 | Feedfactor 1,270

1007 | Weight . 5,000 | o

1008 | max. Refil level 0,000 3 ¥ —~.)

1009 [min. Refil level | 0,000 LN PAT 1

1011 :Operatmg_ mode 0

-

| Acknowledge Alarm Clear Alarms ‘ ‘ o ?T:”SSSEWE Stop and clear alarm: Start and clear alarm: | Tab I et P r es S

ar totalizer ‘ ‘ Volumetric mode ‘ | Tare feeder Calibrate |

Empty feeder Refill feeder ‘

ETTE
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演示者
演示文稿备注
Single HMI for control of Direct Compression line
仅用一个人机交互界面
General overview and control of all feeder, blender and tablet press process parameters 
加料，混合及压片所有生产参数控制
Monitoring of PAT measurements during production
在线测量系统实时监控
Each unit operation can be seperately parametrized
独立设定各单元参数
Single production report 
整合至一份生产报告



NIR Data Analysis
NIRE 577

Calibration spectra (SNV)
Raw spectra With different API concentrations

K% A FAPDIR BRI I (SNV)

API

PAeel) 1495 — 1585 nm

1st overtone of OH and NH

@

- o OHFINHEG 17 50 R YL e
=8 o 2
<3 =)
e <5 | 1625 — 1635 nm

2 1%t overtone of CH
CHEI IR )R
—————————————————————————————-

1710 nm 950 nm 1710 nm 950 nm



Prediction of APl Content During the Test Run
R TR 257 & A Tl

35
30 -
9
~ . 25
S
§§ 20 |
m )
U < . T — Continuous blender /& 571
o] | | | I |
ﬁm 2 — Tablet press /4]
(&)
% 8 10 . .
| .
(2
5 I
Phase 1 Phase 2 Phase 3 Phase 4 Phase5 | Phase6  Phase7 PhaseB Phase9 PhaselD Ph.11| Ph12
0 T | [ annmn | v I 1

0:00 0:10 0220 0:30 0:40 0:50 1:00 1:10 1:20 1:30 1:40
Time (h:min) #//5 (pif: 580D

A EETTE \ Source: Jarvinen et al. 2013,
T COMPACTING V|S|°\tec European Journal of Pharmaceutical Sciences, http://dx.doi.org/10.1016/j.ejps.2012.12.032




PAT implementation in the direct Compression line

L TR EH SRS P

wiitiioe | COMPACTING

-

PAT Tool

Raman / NIR
in the infeed tube

r oy
b & 9

Raman / NIR

in the F.O.M.

NIR Checkmaster

Data Analysis

API (%)

API (%)

API (%)

.
.

Control Action

Stop

Bulk tablet rejection

Stop

Bulk tablet rejection

Stop

Single tablet rejection

Stop

RTR

Part of overall OOS and rejection strategy


演示者
演示文稿备注
PAT Tool
PAT工具

Data Analysi
数据分析

Control Action
控制策略
Adjustment: 调整
Stop: 停机
Bulk tablet rejection: 一批废片剔除
Single tablet rejection: 单片剔除
RTR：


Application Example — In line measurement in Tablet Production

Pz Pl— 25 i A 2 1 A

Direct Compression Line PAT Tool Setup of Study
Hm Based on 5 blends with different API

concentration
FEFSFL 55, A2 5T
Claimed API conc.: 3%

Ramn
in the infeed tube

NIR
in the F.O.M.

-- — VisioNIR on tablets

FZbronE: 3%
3 PAT tools in the line
3L FE LG 7P it

TTE
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Application example - Data analysis of in-line PAT sensors

L P ——E L 10 M s B 77 BT

Raman
in the infeed tube

.
4

. ""ﬁ W’M s'm'ﬂh."mw

12:22:19 12:25:112 12:28:05 12:30:58 12:33:50 12:36:43 12:39:36 12:42:29 12:45:22

12:19:26

jon (%)

(1]
: .
S P T Pt AT resr gyt ==
3 - “
c
(@]
(& 1 - : : : : - - - - -
E 12:19:26 12:22:19 12:25:12 12:28:05 12:30:58 12:33:50 12:36:43 12:39:36 12:42:29 12:45:22
<L
VisioNIR on tablets .
M L ]
® L ]
» ety i@ ¢
12:22:19 12:25:12 12:28:05 12:30:58 12:33:50 12:36:43 12:39:36 12:42:29 12:45:22

Time (hh:mm:ss)

TTE
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Industry 4.0 is more than just Technology ... it is 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

&7
—

.
[
_—
e

———

—3  nformation flow

© Fette Compacting | Continuous Pharmaceutical Production for Oral Solid Dosage | 30
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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



Successful implementation of Industry 4.0 requires
to address and overcome challenges

SIS T W4, 0FFE i R4 Fh ikt

Human aspects A &7 74 IT and legal aspects =& # A% 7

> 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 norms and standards

Exotic products &4 Data quantity and quality #2252 7/%

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 for personnel development:

Organizational aspects 42777 “Industry 4.0” cannot be realized with Users &

> From “central planning” to “decentralized Operators on “level 2.0 /3.0

e H A
> Changing processes and functions . , o
> Cooperation with workers councils “2.0/3. OHIHH P RIZ B Z TL7ESEB T 4. 0

ETTE
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Summary & Take aways
B

= Continuous Manufacturing is evolving and promoted by FDA with 6 drug products being already approved

FOA NI,  CHEEN TR L7761 270

= CMis relevant for new drugs and also existing batch products — a clear future trend

LA AN AT FHRZTTT R, A F I aa fAt m—— i 212 1 2 A

= Lean production process with Direct Compression leveraging full efficiency potential

HEE ST LG a7 RCFIE IR

» Fette Compacting provides fully integrated turn-key solutions with flexible outputs of 5 up to 300 kg/h
TFEVFIE ST Pl — 1 THIESAL 75 5, 7o R 52300 4411 Dt

= Advanced Process Intelligence with continuous adjustment by integrated control system allow DC even with
variation of powder quality

BITER R 22, F BERT L FE I M R REVEL T TE H V3 IR UESE S WA T

» Fette Compacting Test facility is available for products trials
FEFFIE S BT XA R 1T 7% i i

S FETTE
.'-":.:E ;.;'_:: COMPACTING



THANK YOU!

TTE
COMPACTING
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