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Before we begin... ispe ] ot

1. Growing Market:
There will be higher demand of small volume parenteral facilities
since the market share of biopharmaceutical products will
continuously increase in the future

2. Decreasing Batch Sizes:
Due to better diagnostic methods, the number and size of
blockbuster products (“one size fits all”) will decrease which will
require a higher flexibility for the production facilities

3. Shifting of Production Capacities:
Globally, the market will disproportionately increase in countries like
Brazil , Russia, India and China (BRIC) and other countries like
South Korea or Taiwan
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1. Building / Process Utilities
- Flexibility
- Personnel and material flow excellence
- Working condition excellence
- Green technology
- Modular facilities

2. Process Technology
- Cleanroom technology
- Ready to fill (RTF) primary containers
- Single Use Components

3. Some conclusions
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1. Building & Process Utilities -~ Flexibility (43

1. Building concept to allow max. freedom for future expansion of the
production functions and required support functions and technical
areas

2. Design to allow remodelling of areas while production is continuing
within adjacent production areas

3. Design to allow easy building expansion while production is
continuing within adjacent production areas

&
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1. Building & Process Utilities -- @

Personnel & Material Flow Excellence

1. Minimizing manual material flow distances

2. Unidirectional material flow:
Avoiding of any cross contamination by separating material
flows by dedication of the corridors
« Corridor 1 : Raw material, primary packaging material, clean
equipment
* Corridor 2 : Semi finished goods, dirty equipment

3. Gowning concepts which are simplifying / minimizing the gowning
procedures and distances from the change rooms to the work

places
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Personnel & Material Flow Excellence
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1. Building & Process Utilities -- @
Personnel & Material Flow Excellence
Grannd FElanr (CHraaot D D)

Class A/B Class C _ Class CNC
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1. Building & Process Utilities -- @

Working Condition Excellence

1. Maximize daylight visibility for all permanent work places, including the
possibility to control it in order to avoid negative impacts, e. g. ingress of
heat or glazing (RABS & isolator)

2. Minimize noise emission for all permanent work places

3. Provide contemporary social rooms in short distance to the work places
(change rooms, canteen, cafeteria)

4. Better working conditions
Higher staff motivation
Better product quality

&
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Working Condition Excellence L

INNOVATION

Noise insulation installed on a Maximize natural illumination Possibility to protect heat ingress by
vial washing machine within production areas using shades and double glass
walls with ventilation

&
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Working Condition Excellence

3. Provide contemporary social rooms in short distances to the work places
(change rooms, canteen, cafeteria)
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1. Building & Process Utilities -- Green Technology @

Gbogle

Nov 8, 2013

green technology

Web  Bider  Maps  Shopping  Blegs  Mehr~  Suchoptionen

Ungetahr 707.000.000 Ergebnisse (0,29 Sekunden)

- Wikipedia, the free encyclopedia
ironmental_technology - Diese Seite dbersetze

Environmer
enwikipedia.o
Environmental techn an
technology (cleantech) is the application of one or mare of environmental science ...
Examples - Alternative and clean power - Education - Criticisms

Green Technology
www_green-technology.org/ - Diese Seite Gbersetzen
Strategy and leadership for clean and sustainable communities.

What Is Green Technology? - Events - Green California School Summit - Contact

What |s Green Technology?
www.green-technology.orgwhat htm - Diese Seite bersetzen

The term “technalogy” refers to the application of knowledge for practical purposes.
The field of “green technology™ encompasses a continuausly evolving group .

die Green Staffing . Personalberatung, Jobs, Becruitmen
greentechstafl.do

reen Staffing - F Jobs, und
Parsonalvermitiiung in den Emeuarbaran Enargien, der Clean Tachnology und der ...

GreenTech Germany: Das Umwelttechnologie Portal
www.greentech-germany.com

GreenTech-Germany.com - das erste deutsche Portal far Umwelttechnologiefirmen
und Forschungseinrichtungen.

Neueste Jobs - Login - Registrieren - Neueste Publikationen

Green T« | Cleantech and F Energy News and ...
www.greentechmedia.con - Diese Sefte Gbersetzen

Leading source of news/rasearch on green technelogy and the cleantach movement
Analysis and networking events on clean and renewable energy.
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1. Building & Process Utilities -- Energy Effeciency @

Nov 8, 2013

+ US Green Building Council
LEED (Leadership in Energy and Environmental Design)

Rating:

Silver: 50-59 points
Gold: 60-79 points

Certified: 40-49 points

Platinum: 80-110 points

India Affiliate
Hyderabad Chapte

ENGINEERING
PHARMACEUTICAL
INNOVATION

« Score system to measure the sustainability of a new

building or a building after a major renovation in terms of

the following aspects:

- Site selection
- Water consumption

- Energy consumption

- Protection of the earth atmosphere-
- Choice of construction material

* Most frequent used (outside of the USA) in Asia
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1. Building & Process Utilities -- Green Technology @

1. Typical Measures used in Pharmaceutical Facilities are :

- Possibility of using renewable energies

- High efficient energy recovery for HVAC units
- Re-use of waste heat, mainly for pre-heating purposes

- Re-use of “clean” water (e. g. water from final rinse processes)
- Wind energy

- Photovoltaic System

e
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1. Building & Process Utilities -- Modular Facilities @

NNE Pharmaplan standerdized modular facility :

1. Pre-engineered production facility to decrease the timeline for
implementation but allows customer specific configuration

2. Capable of being implemented as a new building or within an
existing building

3. Build in flexibility with scale up possibility (clinical (500 | reactor),
launch (1000 | reactor or market supply (up to 2000 | reactor)

4. Freedom to choose a variety of brands based on customer standards

5. Consequent use of single use technology, isolator technology and

RTU components for fill & finish
ENGINEERING PHARMACEUTICAL INNOVATION @
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Contents @

1. Building / Process Utilities
-> Flexibility
- Personnel and material flow excellence
- Working condition excellence
- Green technology
- Modular facilities

2. Process Technology
- Cleanroom technology
- Ready to fill (RTF) primary containers
- Single Use Components

3. Some conclusions
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2. Process Technology -- Cleanroom Technology @

State of the art 60 years ago...
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2. Process Technology -- Cleanroom Technology @

State of the art today (RABS)...
" & B
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2. Process Technology -- Cleanroom Technology @

State of the art today (Isolator)...
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State of the art 2050...
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Main comparison criteria for “RABS / isolator :

Criteria RABS Isolator Remarks

N

,\'\

e-- = very bad (very high) - = bad (high) o = fair + = good (low) ++ = very good (very low)
ENGINEERING PHARMACEUTICAL INNOVATION @
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2. Process Technology -- Cleanroom Technology @

Investment Costs:

= The number of manufacturers for class A isolators has
increased in the past, it is not the usual three anymore...
It is very likely that the competition will even increase in the
future.

= The design of RABS is getting more and more
sophisticated. Today RABS filling machines are placed in
rooms which are capable of being VHP decontaminated
which increases the investment significantly.

= Higher investment costs are often justified by lower running
costs showing lower TCO.

ENGINEERING PHARMACEUTICAL INNOVATION
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2. Process Technology -- Cleanroom Technology @

Investment costs (Example: Filling line for vials: Isolator vs. open RABS)

- Unit Price " RABS Isolator RABS Isolator
Description Unit

[Mio €] [amount] [amount] [Mio €] [Mio €]

ENGINEERING PHARMACEUTICAL INNOVATION
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Productivity:

» |solators did always have the advantage in terms of productivity for
big batches. A batch duration of 5 days for example is common
practice.

= Isolators did always have the disadvantage if batch sizes are small
and frequent format changes requiring an opening of the isolator
with a time consuming VHP cycle.
Today the situation has changed:

Decontamination effect

Pre-Conditioning

Conditioning

Decontamination

Aeration <1lppm residual concentration

bW

1 2 3 a Phase cycle

Total cycle time < 2hours

ENGINEERING PHARMACEUTICAL INNOVATION
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Regulatory Compliance:

= In the past the US FDA was more doubtful rather than supporting
isolator technology. Since a couple of years the picture has
changed completely. The FDA favors isolator technology:

Rick Friedman:

(Director, Division of Manufacturing & Product Quality, CDER, FDA)
Comments in 6/2009
“He would not put in conventional cleanrooms but in
isolators and perhaps RABS (Restricted Access Barrier
Systems)"

= Many multinational companies already have internal guidelines in
place saying that isolator technology is the company standard for
processes requiring class A.
Any exception has to be specifically justified.

ENGINEERING PHARMACEUTICAL INNOVATION
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2. Process Technology -- Cleanroom Technology @

Summary:

= |solator technology has improved a lot during the recent past
years and there is still a huge potential to develop further
particularly in combination with the following 3 upcoming
technologies:

1. Single use filling systems
2. RTF primary containers and RTU closures (syringes and vials)
3. Robotic technology

It will become more and more unlikely in the future not to decide
for an isolator system compared to RABS setup, which brings me
back to the question...

ENGINEERING PHARMACEUTICAL INNOVATION @
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2. Process Technology -- Cleanroom Technology @

State of the art for aseptic /fill & finish by 2025...

P
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2. Process Technology -- RTF Primary Containers @

1. Currently already a standard for liquid syringes

India Affiliate
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2. First supplier on the market which can deliver also RTF vials, others
are already in the process of building up production capacities for this

product and will introduce the product soon to the market.

3. The design / size of the RTF vials is very similar to the RTF syringes

which will soon offer a new dimension of flexibility to the
pharmaceutical manufacturers

4. Soon there will be Tray filling machines on the market which are able
to fill and close syringes and vials (liquid & lyophilized) on a day to

day routine without major format change

Nov 8, 2013 ISPE VIZAG PROGRAMME 31 of 44
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Already available from Ompi (see below), others will follow soon...
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Advantages RTF Process

® Product Quality
No glass to glass contact during vial transport, de-pyrogenation & freeze drying

® Investment Costs
No washing machine, tunnel required, less complex equipment for loading and
unloading of a freeze dryer required and smaller cleanroom required

= Flexibility
Possibility to process different primary container types and/or sizes on the same
equipment with very short change over times

Disadvantages RTF Process:

= Costs per Unit of the Primar)( Packaging Material
Significant higher costs (vials / syringes)

= Supply to the Market, Number of Suppliers
Supply to market just started for vials, machines for dual use in the development

phase
ENGINEERING PHARMACEUTICAL INNOVATION @
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= Equipment Utilization
Approx. 30% less utilization within a freeze dryer
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van SA25 RAPTOR Aseptic Filling Workcell

PharmaSystems inc.

SAz5 RAPTOR Aseptic Filling Workcell is a fully
integrated and isolated filling system for the
production of sterile injectables.

“Zero Intervention” ensures product integrity
by eliminating aseptic interventions and aseptic
assembly.

Designed for clinical & small batch operations,

the SA25 RAPTOR is ideal for potent compounds,
biologics, vaccines and personalized medicine

Specifications
* Pictures courtesy Vanrx PharamSystems Inc.

i sable Fill Path
Automated EM Monitoring
ENGINEERING PHARMACEUTICAL INNOVATION
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Case Study:
Small Scale Production Equipment for a Company in Malaysia

® Liquid and freeze dried vials
= Performance up to 1.000 units per hour
= Design capable of handling products up to a OEB 1-20ug/m?

= Investment for the following equipment less than 4 Mio Euro (5 Mio. US $)
- 2 Isolators (Grade A)
-1 VHP pass box
-1 FD (5m2 shelf area)
- 1 Filling and closing equipment
- 1 Capping machine
- 1 Isolator (Grade C)
- 1 Outside washing machine

- A bulk vial line would be min. 6 Mio. Euro (7.5 Mio US $)

&
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Control unit VHP lock Working Chamber 1 Working Chamber 2
Operator panel, Tray unpacking and opening Lyoophilizer loading and unloading

Recorder etc. Vial filling and stoppering Vial singalizing for cappi
* Pictures courtesy Skan AG @
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2-head peristaltic -
mn m\up 2-head stopper vm bowl Lye
VHP Tray capping and
chamber Handling outside washing
Class A Class C
dp + /3— dp -
l_l glove 1  glove2 glove 3 glove 4 glove 1 usz glove 3 glove
/ track for row by row
push through of vials.
opérating terminal into capping isolator
Tor peristaltic pumps
filling module stoppering module manual nest
unloading
ENGINEERING PHARMACEUTICAL INNOVATION @
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Robotic system installed in the back wall of an isolator

* Pictures courtesy Skan AG
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General Advantages
Less important

= Saving utilities (CIP/SIP)
= Saving investment costs
= Avoiding cleaning validation

= Faster filling machine set up between two
batches / products (less filling machine
downtime, especially in combination with

an isolator)
= Less product loss at batch end Very
important
Nov 8, 2013 ISPE VIZAG PROGRAMME 39 of 44 =
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Rolling diaphragm pump or peristaltic pump

Product Bag
(optional)

Supply Connector

Tubing

Fittings

* Pictures courtesy Robert Bosch GmbH @
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ot Bogd

TP Port for 1aelotor/AR B5

* Picture courtesy Robert Bosch GmbH
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Advantages:

= Pre qualified construction kit which
reduces costs and timelines for the
user

® Reduced costs due to standardization

= Better regulatory acceptance

Disadvantages:

® Tailor made for Bosch filling
machines

= Dependent on one supplier

= Customer specific changes in the
system will be very limited

ENGINEERING PHARMACEUTICAL INNOVATION
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= Isolator Technology
Will develop further in the future and will dominate the aseptic fill & finish industry
in the future

= Single Use Filling Systems
Peristaltic pump systems are often the preferred system for Biopharmaceuticals,
standardized (pre-validated) single use filling systems are entering the market
more and more

* Flexibility
Next generation of RTF filling machine will be able to process syringes and vials
with very short downtime for change over

= Robots / Handling systems
Individual positive transport, avoidance of glass to glass contact, minimizing
rejects and glass breakage rate and very flexible (fast) format change

The combination of all 4 topics as a package provides significant
advantages in terms of product quality, productivity and flexibility !
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