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As you page through this issue, you may notice
something is missing: projects that are focused purely
on filling and sealing. It is not as if these processes
would be unimportant to us now – quite the contrary.
But the processes of packaging and special purpose
machine manufacturing for pharmaceuticals as well as
for life science involve substantially more factors in this
day and age.
A quick look at this task reveals a broad spectrum:
software for Industry 4.0, simulations of multiphysical
effects, fast-track freeze-drying projects, research into
better and faster freeze-drying processes, new airlock
concepts for filling campaigns, the most flexible
processes for diagnostics and wound dressings, etc.

FOCUS: TECHNOLOGY

Filling and sealing still remain core competencies, in which Optima
is continuously an innovative driver. The new modular filling and sealing
machines are the best example of this. At the same time, however,
everything associated with these machines has become more important.
The selection of topics in this issue of o-com clearly shows this.
Conclusion: In the manufacturing of pharmaceutical packaging
machines and in the life science area, more than just one core
competency is important today. The market leaders provide a variety of
expertise, technologies and methods to offer the best possible way of
satisfying a wide variety of requirements. At Optima Pharma and Optima
Life Science, this variety has developed into a core attribute of our brand.
We hope you enjoy your read
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OPAL AND INDUSTRY 4.0
Industry 4.0 is a grand vision. However,
the information diversity in its nonuniform
structure is a curse and a blessing at once.
Industry 4.0 expert Günther Stürner (Vice
President Sales Consulting at ERP provider
Oracle Deutschland) writes about this
topic in the FAZ:

DATA HIGHWAY
TO PRODUCTION
We are on our way to intelligent, transparent
and digital production: Industry 4.0 is
coming. And it is equally certain that data
management will play a crucial role in these
technologies. The software OPAL already
combines data from the ERP and production
levels perfectly. In addition, OPAL analyzes
and optimizes manufacturing processes.

"The bulk of information stored today
is done so in a way that more or less lacks
planning and structure. Keeping the these
volumes of data organized after they have
been stored is one of the most complex
tasks related to Big Data." (http://www.faz.
net/asv/digitale-wirtschaft/).

DATA MANAGEMENT—IN PRACTICE
STILL IN THE EARLY STAGES
Even the data structures of the ERP
level and the production level usually
do not work well together in companies.
Taken by itself, ERP data is consistent, as is
the data for the production level. However,
ERP data is too abstract to work with at the
production level. But there is a solution.
OPAL extrapolates the abstract data
from the ERP level and transfers this to
the production level in a usable form: The
right data at the right time and at the right
place.
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What used to be manual work and
brain work is now taken care of by OPAL
automatically. An example illustrates
the complex task: The ERP system of the
wound dressing manufacturer Pad &
Co. transmits a production order to the
production department. 100,000 wound
dressings of the soft type are to be
produced. These are offered in two types
of packaging in packs of five and packs
of ten. The wound dressings are exported
to 23 markets. This requires a variety of
primary packaging and labels in various
quantities.
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Heterogeneity of data is a high hurdle.
The OPAL software from Optima
automatically transfers data from the ERP
level to the production level. In addition,
key figures such as OEE (overall equipment
efficiency) are determined.

The turnkey project that we present to you in this issue fits this
pattern. It was implemented at Teva in Israel, far away in terms of distance,
and yet close due to an excellent partnership. The turnkey expertise
underscores this new diversity. Here, this expertise is seen both in the
project management as well as in the technology zones, which were
fundamentally matched with one another, and included many technical
innovations.
Just a few years ago manufacturing of pharmaceutical packaging
machines essentially revolved around the filling and sealing processes.
Then the upstream and downstream processes shifted into focus.
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ENGINEERING AND INDUSTRY 4.0

Vibration in the cold
is different
The number of physical relationships that can be simulated and
visualized today is always increasing. Optima Pharma employs the
latest methods. These methods involve testing and improving
the systems early on, and technologies are tested virtually.

Does a physical phenomenon only
exist when it occurs for real in a machine?
Certainly not. That's what the term
"virtual reality" refers to. If we can explain
a phenomenon after it occurs, then we
must also be able to demonstrate it before
it occurs - that is the central idea of Virtual
Engineering 4.0.
Optima Pharma uses engineering 4.0
for virtual optimization of components
or system segments. Sometimes called
"smart engineering," it is a digital service
that offers high utility. This is because
critical segments of systems can be
analyzed and optimized virtually before
even a single screw is manufactured.
Oftentimes it is not just one cause
variable that determines the end result.
When multiple physical parameters are
interacting in one limited area, this can
also be depicted virtually.

A development project: The tested object is under external pressure.
Can a sufficient amount of heat pass through the base of the
container? Does the Plexiglas cover exhibit sufficient residual
stiffness under thermal influence? If the residual stiffness were too
low, the sealing surface on the cover could be rendered ineffective.
Temperature, heat flow and mechanical voltage distribution, as well
as the prevailing external pressure, are linked multiphysically.
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The digitalization of the engineering
process makes it possible. Mathematical
models describe the materials used.
Formulas take into account the behavior
of the material in given dimensions. If
other factors come into play, such as
temperature, lighting or acoustics, then
you find yourself immersed in multiphysics
– because vibration in the cold is different.
The flow visualization that was presented
in the previous issue of o-com is also a
popular object of research, especially in
connection with other physical cause
variables.
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Multiphysical effects: The simulation of
such relationships is now a component
of engineering. Analyses of critical areas
provide better results early.
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OPAL AND INDUSTRY 4.0

DATA HIGHWAY
TO PRODUCTION
We are on our way to intelligent, transparent
and digital production: Industry 4.0 is
coming. And it is equally certain that data
management will play a crucial role in these
technologies. The software OPAL already
combines data from the ERP and production
levels perfectly. In addition, OPAL analyzes
and optimizes manufacturing processes.

Industry 4.0 is a grand vision. However,
the information diversity in its nonuniform
structure is a curse and a blessing at once.
Industry 4.0 expert Günther Stürner (Vice
President Sales Consulting at ERP provider
Oracle Deutschland) writes about this
topic in the FAZ:
"The bulk of information stored today
is done so in a way that more or less lacks
planning and structure. Keeping these
volumes of data organized after they have
been stored is one of the most complex
tasks related to Big Data." (http://www.faz.
net/asv/digitale-wirtschaft/).

DATA MANAGEMENT – IN PRACTICE
STILL IN THE EARLY STAGES
Even the data structures of the ERP
level and the production level usually
do not work well together in companies.
Taken by itself, ERP data is consistent, as is
the data for the production level. However,
ERP data is too abstract to work with at the
production level. But there is a solution.
OPAL extrapolates the abstract data
from the ERP level and transfers this to
the production level in a usable form: The
right data at the right time and at the right
place.
What used to be manual work and
brain work is now taken care of by OPAL
automatically. An example illustrates
the complex task: The ERP system of the
wound dressing manufacturer Pad &
Co. transmits a production order to the
production department. 100,000 wound
dressings of the soft type are to be
produced. These are offered in two types
of packaging in packs of five and packs
of ten. The wound dressings are exported
to 23 markets. This requires a variety of
primary packaging and labels in various
quantities.
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OPAL
TWO CENTRAL FUNCTIONS:

ERP
System

Order

Central
Data Storage

Line Recipes

Format

OPAL combines the data of the
ERP level (e.g. SAP) with the
production level. More precisely:
The data for each production
job is transmitted selectively to
the PLC of the linked systems as
well as to all units, devices and
sensors.
Weak points on units are
systematically identified and
the performance is enhanced.

Automatic
Batch Creation
Production
Data

The manufacturing system for the
wound dressings has an HMI, where
the recipes for the individual countries
are stored. Additional HMIs are located
on the printer, cartoners for primary
and secondary packaging, and on the
palletizer. The camera systems have an
additional HMI. The system operator has
to input data into a total of six HMIs (with
different user prompting) manually to
select the correct recipes and quantities.
Only then will production start.

Batch

PLC machine 1

PLC machine 2

Equipment
e.g. Printer

Production Line
= OPAL standard
interface

SLIM AND FLEXIBLE
OPAL stands for "Optima
Process Automation Library".
An essential aspect of OPAL
is the modular design of the
software in the form of a library. For the user, this means
that only the required and
prefabricated components
are used. The software can be
adjusted at any time without
programming effort: For ex-
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ample, it can be adjusted to
an environment in which an
MES system is already present. The software operates
directly with an ERP system
in an equally straightforward
way. If the range of functions
is to be expanded later on or
if additional lines are to be integrated, OPAL is already set
up for that.

The degree of manual inputs is high,
and so is the susceptibility to errors. And
yet this is what gets the operation of one
production line in the factory started. A
second line is added for the same order
and has to be prepared in the same
manner as the first line. The order is split;
the implementation of this combination
of options is very demanding.
A direct data exchange between
ERP and production does not work in
this example. This is because the local
programmable logic controllers (PLCs) of
the individual machines are specialized
in using parameters to manufacture a
product with certain properties. Provision
is not made for entering higher-level
requirements, such as language versions,
or for directly controlling the parameters
of downstream machines in a line.

We are still quite far from a selforganizing, fully digitalized factory
here, although this example involves a
manageable data volume rather than big
data.

PERFECT LINE MANAGEMENT
OPAL transfers data from the ERP level.
All units, from the printer to the wound
dressing manufacturing system, receive all
relevant data via the software. Everything
from parameters of a line to all lines of
a factory are centrally combined and
managed on a computer by the software.
The lines receive all required data records
and parameters to enable production
of the batches according to certain
specifications from OPAL. OPAL also
supports any remaining manual settings.

Vertical integration of the ERP and the
local programmable logic controllers
(PLCs) is achieved with the introduction
of OPAL. OPAL performs data mining
in the delimited field. This functions
regardless of whether the machines
and units come from Optima or other
manufacturers.

OPTIMIZATION IN TRANSPARENT
PRODUCTION
If production processes do not go
as planned, there can be many causes.
Objectively determining sources of error
is the second main task of OPAL.

If a production order is transferred from
the ERP to the production department,
OPAL ensures that the systems are in a
consistent state. The specifications are
detailed. For example, you can define
how frequently test samples are to be
automatically discharged in accordance
with FDA requirements.

For example, error statuses and alarm
statuses on the systems are evaluated
via statistical analyses. Even if control
systems detect errors that a person does
not regard as such, OPAL helps. Is this the
result of minimal dimensional deviations
or contamination? Or are the settings
on the camera system too sensitive?
Initially, the reject cannot be explained. By
means of comparing serial numbers and
performing error analyses, even questions
such as these can be solved using OPAL.

The main advantages of this
are obvious:
1. User

intervention is minimized.
Sources of error from incorrect input
are eliminated.
2. A
 time advantage is created.

The software from Optima Life Science
detects error combinations, such as
when two factors that are harmless by
themselves come together to form an
unfavorable configuration in a machine.
But the causes of error are not always so

complex. Sometimes it is as simple as an
operating error. This can be identified
by the fact that, for example, one shift
produces significantly less waste than
another shift. A best practice procedure
based on the knowledge gained through
OPAL provides a remedy.
Even internally at Optima Life Science
and in other divisions of the company,
OPAL has already contributed to detecting
causes of error. For instance, restarting a
system after a standstill was often leading
to excessive product waste. This illustrated
that the resulting temperature increase
was making the packaging material
unusable. In the meantime, an air cooling
system has been ensuring constant
conditions, which means that the systems
are, conversely, restarted without a
heating phase.
And last but not least: The production
and packaging processes are optimized
and the waste minimized. What amounts
of raw materials are now required for the
planned output? Only stable and known
magnitudes ensure reliable economic
calculations. This provides a clear basis for
calculation.

INDUSTRY 4.0 IN THE STREAM OF DATA
Let's get back to Industry 4.0 and to
the expert quoted near the beginning,
Günther Stürner. In his article, he also
describes the advantages of big data
mining: "A detailed analysis of all the
relevant information – from in-house
and external sources – brings about
competitive advantages in every industry
today that simply cannot be realized by
conventional means." OPAL is a state-ofthe-art tool that opens us up to vast data
capabilities. 

Perfectly organized:
all parameters and error bursts at a glance.
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OPTIMA CHANGE MANAGEMENT – ELECTRONICALLY CONTROLLED WORKFLOW

Change

Change completed

Documentation

ERP + CAD

REPLACEMENT PARTS WITH STRUCTURE

Replacement parts must be of the correct version for each individual machine.

ZERO ERRORS THANKS TO ERP
In any company the ultimate goal is always zero errors. At
the same time everyone knows that this goal is not always
possible to attain. In the field of special machine engineering
it is often replacement parts that provide an opportunity for
potential improvement. Optima has taken up this topic and
has developed a specific ERP solution which now provides a
competitive advantage.
From the engineering phases through
to the end of lifetime use, modifications
are standard fare in the field of special
machine construction. These affect
electronics, mechanics and software.
The whole purpose of special machine
engineering is to provide customized
solutions. Further development and
optimization of such machine types is
therefore never totally completed, either
because of new ideas or wishes for
modifications on the part of the user or
through improvements initiated within
the company.
On the one hand, customers are
assured customized application solutions
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and the latest state of technology but on
the other hand there is potential for error.
This can have negative influence on future
repairs and deliveries of replacements for
parts subject to wear. This is a problem that
often occurs in the field of special machine
engineering. How can this situation be
changed? Exactly for this reason, Optima
has developed and introduced a Change
Management Procedure.

CHANGING A RUNNING SYSTEM
Structural modifications undertaken
by the packaging machine engineers are
first reflected in CAD. However, there is
in fact a close connection with the ERP

system. All modifications will trigger ERP
processes as a logical consequence. Since
these are complex, only an automated
solution can ensure that in the end
faultless part deliveries reach their
destination. In order to achieve this target,
in June 2014, Optima set up a central
Project Group which has dealt exclusively
with tasks involved in “Change”.
“Interference” in a running ERP system
can be tricky, and major interventions, as
was the case here, can be compared with
open-heart surgery. A similar experience
amongst other companies and external
consultants did not yet exist. Moreover,
modified organizational procedures
must also come into force globally and
with appropriate training in order to be
effective.

IMPLEMENTATION ACHIEVED!
March 2015 saw the roll-out of the
new functionality of the implemented
ERP system. Today throughout the entire
Optima Group there is an electronically
controlled workflow which begins with an
application for change in the system and

The IT-based system ensures this.

specifies a maximum decision period for
such application. If the change is accepted,
this affects all drawings documents,
parts lists, project documentation and
other documents. In the ERP software all
the procedures and decision scenarios
are exactly illustrated and specified as
obligatory. At the same time there is
internal transparency of persons involved
in the procedure.
From March to the end of July no less
than 10,000 cases have been processed by
Optima worldwide in accordance with this
new system. Changes introduced to date
include current projects in construction,
installation or operation.

AUDIT – THE CUSTOMERS' NOD
There has already been positive
feedback from the manufacturers. As is
quite customary these days, Optima is
evaluated in audits by potential customers.
The installed ERP solution is always a
great plus. At present it is the only known
solution in the market that guarantees the
successful change to such an extent. 

THE EXAMPLE
OF THE CAMERA SYSTEM
In many packaging machines
camera systems are used for inspection
purposes. A company already works
with a preferred manufacturer which
has, however, not yet been used at
Optima. The customer would like to
have the preferred manufacturer in
his new Optima machine. Another
situation could be that a camera
manufacturer, previously a leader in
the technical field, has recently been
replaced by another manufacturer.
Optima decides that in future,
preference shall be given to improved
technology. In both cases this
change has an effect on the software,
hardware, mechanics and geometries
of the system. By means of Change
Management, all necessary changes
are systematically synchronized in the
documents. This provides the greatest
possible assurance for the entire life
cycle of a line.

CENTRAL ADVANTAGES

- All
 machine documentation
always has up-to-date, correct status (“as delivered” or
“as maintained”)
- 	Parts deliveries (modules,
replacement parts or wear
parts) are always suitable for
the customized version of a
line
- 	Simplified procedures with
time and cost benefits

o-com Magazine
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ENGINEERING AND INDUSTRY 4.0

Vibration in the cold
is different
The number of physical relationships that can be simulated and
visualized today is always increasing. Optima Pharma employs the
latest methods. These methods involve testing and improving
the systems early on; technologies are tested virtually.

Does a physical phenomenon only
exist when it occurs for real in a machine?
Certainly not. That's what the term
"virtual reality" refers to. If we can explain
a phenomenon after it occurs, then we
must also be able to demonstrate it before
it occurs - that is the central idea of Virtual
Engineering 4.0.
Optima Pharma uses Engineering 4.0
for virtual optimization of components
or system segments. Sometimes called
"smart engineering," it is a digital service
that offers high utility. This is because
critical segments of systems can be
analyzed and optimized virtually before
even a single screw is manufactured.
Often, it is not just one cause variable that
determines the end result. When multiple
physical parameters are interacting in one
limited area, this can also be depicted
virtually.

A development project: The tested object is under external pressure.
Can a sufficient amount of heat pass through the base of the
container? Does the Plexiglas cover exhibit sufficient residual
stiffness under thermal influence? If the residual stiffness were too
low, the sealing surface on the cover could be rendered ineffective.

The digitalization of the engineering
process makes it possible. Mathematical
models describe the materials used.
Formulas take into account the behavior
of the material in given dimensions. If
other factors come into play, such as
temperature, lighting or acoustics, then
you find yourself immersed in multiphysics
– because vibration in the cold is different.
The flow visualization that was presented
in the previous issue of o-com is also a
popular object of research, especially in
connection with other physical cause
variables.

Temperature, heat flow and mechanical expansion and contraction,
as well as the prevailing external pressure, are linked multiphysically.
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What increase in knowledge is achieved through multiphysical and FEM simulations?
Practical examples.

THE SUN IN LAMINAR FLOW?
An example: It is well known that
the laminar flow in a system can be
controlled and optimized virtually. But
now the system is located in an area
of pharmaceutical production that has
windows. The question arises: How do the
incoming rays of sunlight and the resulting
temperatures change the laminar flow?
Research showed evidence of different
temperature fields and thus an undesired
temperature boost.
Conversely, development ideas in their
early phases can be researched virtually.
This saves time and money in comparison
to real experimental setups. For example,
Optima Pharma has looked into the issue
of how atomization can be influenced
positively when voltage is applied and the
materials become electrically charged.
The
multiphysical
effects
are
considered to be the supreme discipline
in virtual engineering, seeing as the
physics from three fields are linked in this
case: Currents, electrical engineering and
mechanics.
Even the depiction of mechanical
phenomena, which seems relatively
simple, can be deceiving: The calculations
often have to take different coordinate
systems into account, such as voltage
distribution. Interdependency arises
frequently here, too. Temperatures can
have a strong influence on material
properties, such as bending stiffness. If,
for example, applied vacuum and intense
heat cause deformations, this can have
irreversible effects on the sealing tightness
and/or the vacuum stability.

COMPLEX PHYSICS, CLEAR ANSWERS
For operators of pharmaceutical
systems, the question of whether or not a
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virtual study requires particularly complex
calculations is ultimately of secondary
importance. The additional security of a
virtual system analysis and optimization is,
on the other hand, a key argument in favor
of this analysis in the engineering phase.
This is the case whenever the methods of
virtual multiphysics uncover problems –
and also whenever they can demonstrate
the effectiveness of the countermeasures.
In this case, it is shown that the
complexity of the simulation of physical
phenomena requires special expertise
that is not yet available everywhere.
Optima Pharma conducts multiphysical
and structural physics calculations,
mostly in-house. For the analyses, the
company uses the software from Comsol
Multiphysics® and OpenFOAM.
The depictions on these pages related
to multiphysics and structural physics
provide a glimpse into how multifaceted
the gains in knowledge can be. These
include customer projects and internal
development orders. 

FEM (FINITE ELEMENT METHOD)
STRUCTURAL ANALYSIS

The stress
distribution is determined
in a dynamically loaded transport
rake. In just three design loops, the
redesign with numerical simulation improved
upon the original design by a factor of 10 with respect
to stiffness and resonance behavior. These were able to be
decoupled from the cycle time to the greatest extent possible.
In comparison to constructing three actual rakes, the savings
amount to tens of thousands of euros.

CIP / SIP SIMULATION IN FREEZE DRYERS
The sequential injection speeds of the nozzles are optimized
here. The different injection pressures are represented in a
particle-tracing model. The trajectories of the modeled droplets
depend on their mass, initial velocity, gravitation and air
resistance. The colors symbolize the dimensionless flight time
(dimensionless = reference values without physical values and
without a unit of measure).

AREAS OF APPLICATION

LED CHIPS

In addition to the flow
visualization that was presented
in the previous issue of o-com,
the visualizations commissioned
from Optima Pharma are
most often those in structural
physics as well as multiphysical
effects such as the influence of
temperature, gas or oscillations.

Are LED chips suitable for camera
systems in in-process control? How close
together can passively or actively cooled
LED chips be placed without having to
worry about failure of the components
due to thermal causes? In order to
clarify this, thermal stresses and the heat
transfer to the electronic performance
components
were
analyzed.
The
strongly linked multiphysical simulation
simultaneously takes into account
electric heat sources (Joule heating),

thermal-mechanical stresses (thermal
stress), heat conduction and convective
heat transfer (thermodynamics and flow
mechanics). Any of these values may
depend on another value – for example,
the specific electrical resistance
changes with the

temperature. In the depiction of the
surface temperatures, the dark red
quadrant displays the heat source.
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CYCLE DEVELOPMENT: THE PATH TO A REPRODUCIBLE PROCESS

EFFICIENT DEVELOPMENT
AND VALIDATION OF
DECONTAMINATION PROCESSES
Today, pharmaceutical isolators are equipped with an integrated H202
decontamination system. The decontamination cycle is dependent on
different process parameters as well as the environmental conditions
(pressure, temperature, relative humidity) of the production room. For this
reason, it must be developed in close coordination with the user. This article
shows how a decontamination process for airlocks and isolators is developed
and validated.

The basis for the routine operation: A successful cycle development that includes all worstcase positions, among other factors. This is followed by validations and revalidations.

process continues. Through a structured
approach, errors can be prevented as
early as the preliminary stages and
potential critical points can be detected
and remedied early on.

Cycle development takes place after
operation qualification (OQ) is complete and
before the subsequent process validation.
It is used to determine the process parameters for an effective, reproducible and
successful decontamination process that
conforms to the requirements of the
authorities and of the customer. The PIC/S
1 recommendation provides a minimum
6-log spore reduction. For routine production on most pharmaceutical isolators
and locks, decontamination cycles with a
theoretical 10 to 12-log spore reduction
are recommended. This is done to establish
additional safety.

During the cycle development, the
maximum possible injection rate is
determined (in grams per minute). This is
done to avoid potential condensation of
hydrogen peroxide in the air intake pipes
for de-contamination.

The cycle development is carried
out on each isolator according to a
structured and sophisticated process.
This is summarized in a plan that is
created and approved in collaboration
with the customer. Most BI positions (BI –
biological indicators) are defined during
the creation of the plan. Additional
BI positions can be defined as the

In the course of this process, in the case
of a longer dehumidification time, the
point in time is also determined at which
the values from the humidity sensor built
into the isolator and the humidity sensors
distributed externally on the floor drop
below the selected humidity switch point
value. This allows the air to absorb more
evaporated hydrogen peroxide during the
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A. DETERMINATION OF THE MAXIMUM
INJECTION RATE AND DURATION OF
DEHUMIDIFICATION.

injection phase. This part of the process
also leads to increased reproducibility,
as the start conditions for all additional
cycles are identical.

B. TESTING THE TEMPERATURE AND
HUMIDITY DISTRIBUTION
At the beginning of the cycle
development, the temperature and
humidity values in the isolator are
recorded, since the sporicidal process
is influenced by these values. During
production, the temperature difference
on the surfaces should be as small as
possible. Using the findings on the
temperature distribution, problematic
areas are identified so that biological
indicators can be positioned. It is
important here that the surrounding
area has already been regulated at the
beginning of the inspection with respect
to pressure, temperature and humidity
– this contributes noticeably to the
effectiveness and reproducibility of the
decontamination in the isolator.

In the isolator, the surface temperatures
are observed during the decontamination
process. This allows hot spots and
cold spots to be detected, which can
substantially influence the process. The
term "hot spots" refers to areas exhibiting
an increased temperature compared to
the rest of the isolator surfaces. At these
spots, a lower extermination rate of the
biological indicators is to be expected,
since the resulting relative humidity
decreases due to the higher temperature.
The absence of condensation is possible
at these spots – condensation is, however,
absolutely necessary for successful
decontamination, because extermination
of the spores near the saturation limit is
the most efficient.
An opposite effect can be observed
in "cold spots": These spots experience
a higher relative humidity due to the
colder temperatures, which leads to
more condensation on these spots in
the isolator. Condensation does have

a positive effect on the inactivation of
the BIs, however, these spots tend to
form accumulations of liquid hydrogen
peroxide, which is then missing at the
other positions. Accumulations of liquid
hydrogen peroxide are also to be avoided
because they can permanently corrode
the surfaces.

C. PRELIMINARY LETHALITY TEST
An important step in the cycle
development is the preliminary lethality
test. This involves a certain number of
biological indicators being placed in
an easily accessible spot of the isolator,
together with the corresponding amount
of nutrient solution (Figure 1). At the
beginning of the injection phase, the
BIs are then transferred into the nutrient
medium within a previously defined time
interval. This allows the D value to be
determined subsequently via the LSKM
method in accordance with ISO 11138 2.
The D value describes the time in minutes
that is required to achieve an extermination

rate of 90 % of the test germs under the
specified influence conditions. This test
determines the starting exposure time
for subsequent worst-case lethality tests.
Furthermore, the resistance of the BIs
used for revalidation can be compared to
the BIs in the isolator.
The advantage of transferring the BIs
using the gloves, is that it will not result
in delayed mortality due to degassing
effects. These effects can arise, for
example, during sequential removal from
the isolator and later during transfer in the
laboratory.

D. WORST-CASE
LETHALITY TEST
For the worst-case lethality tests (Figure
2), biological and chemical indicators are
used. While chemical indicators merely
make qualitative statements regarding
the extermination rate at geometric
locations in the isolator via their changes
in color, the average system D value can be
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The first parameters for cycle development are determined with the preliminary lethality test. (Fig. 1)

determined for every selected BI position
using the biological indicators. Three BIs
are used per position for this purpose.
The BI positions are defined in
accordance with the plan using the
geometry of the isolator and filling
machines. FDA Guidance 3 recommends
positioning BIs in difficult areas. Additional
positions can be found on the system
components or loading components.
Additional positions can still be defined
before the first worst-case test. All BI
positions are typed according to the
following rationale:
- Geometric: Selection according to the
geometry of the isolator.
- Difficult: Difficult to decontaminate
with H2O2, because the area might be
shaded.
- C
 ritical: Critical because product
contact (even indirect contact) or

16
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Which BI position was the last to show growth? Worst-case lethality test with multiple BI positions. (Fig. 2)

operator intervention necessary.
- W
 orst-case: The worst-case is the
location where the mortality of the BI's
takes the longest.

spore reduction) as long as that of the
average system D value of the worst-case
position.

The first cycle is run using the
parameters determined in the preliminary
lethality test. All BI and CI positions are
tested during this cycle. For all further
tests, the injection time corresponding to
the selected interval is extended until all
BIs at all positions no longer exhibit any
growth. The position at which growth was
most recently recorded is considered the
worst-case position in terms of lethality.
Using the LSKM method, a minimum spore
reduction of 6 log has been demonstrated
for this position. The average system
D value of this position can be used to
determine the total decontamination
time. This is usually ten or twelve times
(for correspondingly desired 10 or 12-log

The conclusion of the cycle
development involves an inspection
of the ventilation to determine the
ventilation period for later routine
operation. The ventilation is to be selected
in such a way that, in the end, the isolator
lies within its production parameters and
alarm limits and, at the same time, the
maximum H2O2 residual concentration
required by the customer is undershot.
Thanks to the catalyst technology, low
residual concentrations can be reached
in the isolator after a short ventilation
time. The isolator is usually ventilated
to an H2O2- residual concentration of
less than 0.5 ppm. For H2O2-critical
products, H2O2 residual concentrations

E. VENTILATION INSPECTION

of less than 0.1 or 0.05 ppm can also
be achieved. Furthermore, through the
use of the catalyst in the circulating air,
potential H2O2 residual concentrations
are continuously removed during
production.

F. PROCESS VALIDATION
Following successful cycle development, a plan for process validation is
created. This plan contains validation of
the decontamination process and of the
ventilation, with three validation runs for
each. To validate the decontamination
process, the worst-case position, the
critical positions and a selection of the
geometric and difficult-to-kill BI positions
are tested using a shortened cycle
(compared to the routine operation).
METALL+PLASTIC uses PDA Technical
Report 34 4 to determine the number of
required BI positions. This recommends a

number from five to ten BI positions (3fold) per cubic meter of isolator volume
for process validation and revalidation by
means of biological indicators.
Ventilation is validated using an
extended decontamination cycle to
provide an additional safety margin
for this process too. The residual
concentration at the end of ventilation is
additionally verified with H2O2 detection
tubes or external sensors.

G. REVALIDATION
The process validation procedure, each
with one validation run, is recommended
for the annual revalidation.

CONCLUSION
Cycle
development
of
H 2O 2
decontamination processes requires a
structured approach in which suitable

parameters are developed. It is just
as important to define reproducible
processes for process validation and
revalidation. For the customer, therefore,
it is advantageous to have these steps
performed by the isolator manufacturer,
which has already performed the cycle
development. The manufacturer is familiar
with the system, critical components and
worst-case positions in the isolator. In
addition, plans and reports come from a
single source, which makes it transparent
and easy to reproduce links between
cycle development, process validation
and revalidation. This creates a process
that is robust, reliable and reproducible,
and that corresponds to the applicable
requirements of the authorities and
inspectors. Successful process validation
and routinely performed revalidation are
also regarded as a quality characteristic
of well-performed cycle development. 

o-com Magazine

17

IN USE

IN USE

You may be surprised: At the time
an order is placed, and even at the time
of a system's SAT, the medications to be
processed by the system still have not
all been defined. This is not uncommon
if pharmaceutical companies want to be
prepared for day X in view of their product
pipeline. Then if there is approval for a new
medication, the production processes are
available as quickly as possible.
Flexible processes are a must if –
as here – the system is to be suitable
for a broad spectrum of medications.
In view of the high requirements that
biotechnological medications impose
on both product safety and employee
safety the use of isolation technology and
freeze dryers in this project was absolutely
necessary. Different operating modes and
processing paths available on the system
ensure flexibility. Equipped with four
isolators, the system can even perform
parallel batch processing.

THREE PROCESSING PATHS

LARGE-SCALE PROJECT AT TEVA

TURNKEY DOWN TO THE
FINEST DETAIL
The dimension: a system about as large as a three-story singlefamily home for filling and sealing, including four isolators
and two freeze-dryers. The technologies: flexible processes for
sensitive biopharmaceutical medications. The implementation:
seamless, as the world's largest generic manufacturer Teva
confirms.

Preparation of the vials begins with an
ultrasonic bath. This loosens encrustation
that may be present and subsequently
increases the cleaning effectiveness of
the washing machine. A rotary washing
machine takes the pre-cleaned vials,
washes them inside and out, and then
dries them with air. Then the containers
move into a depyrogenation tunnel for
sterilization.
When these leave the depyrogenation
tunnel, they enter an isolator-protected
area of the system. The ten-lane filling and
sealing machine doses the product using
peristaltic pumps that are particularly
gentle on the product. Their doubledecker arrangement saves space. To
make the system easy to operate, Optima
Pharma has installed the entire product
feed outside of sterile zone A. Here, an
RTP port creates a secure connection from
the hose with the manifold to the pumps
within the sterile zone.

The high filling accuracy of srel +/0.75 % is not only monitored, but also
optimized by a sophisticated 100 % inprocess control. In the first step, load cells
determine the tare weight of the vial. Then
100 % of the fill weight is dosed in the
gravimetric dosing process.
The system automatically exits this
start-up mode as soon as air is vented
from the product path and a defined
filling accuracy value is continuously
achieved. Then the 100 % in-process
control continues checking each vial for
the proper fill weight. This filling system
provides advantages even in emptying
mode. Dosing can be performed until
the product supply is running low. The
second set of load cells ensures that no
underfilled vials get into circulation. Vials
with the incorrect weight are always
rejected.

AMOUNT OF SALABLE PRODUCT
MAXIMIZED
Likewise, the sealing process
helps convert the existing amount of
medication into a maximum of salable
product. Here, a pick & place system is
used that receives stoppers from a sorting
bowl. A swivel arm grabs the stoppers
and presses them into the vials while they
are gassed with nitrogen. Light barriers
determine whether there is actually a
stopper on the vial. If a stopper is missing,
the transport system stops. The swivel arm
with individual valve control now seals the
vial again at the position in question. (as
usual, freeze-drying stoppers are pressed
in only halfway.)

PERFORMANCE DATA
OVERALL SYSTEM
OUTPUT
Up to

24,000
Vials/h

FILLING RANGE

2–50
ml

FILLING ACCURACY

srel: +/-

0.75 %
FORMAT CHANGEOVER
total

30–60
Minutes
EFFICIENCY
total

at least

Now the vials reach a shunt, which
leads either to the freeze-drying process
or directly to the crimping station. This
zone, called the intersection, is also
isolator-protected.

93 %

Two freeze drying systems, each
with a shelf area of 23.5 m², are ready to
recieve vials. The loading system takes

FREEZE-DRYING CAPACITY

2 x 23.5

m² Shelf area
18
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3

PRODUCTION METHODS
Liquid filling
Vial filler isolator
Intersection isolator
Capping isolator
–
Freeze dryer loading
Vial filler isolator
Intersection isolator
Loading/unloading isolator
–
Freeze dryer unloading
Loading/unloading isolator
intersection isolator
Capping isolator

the laterally fed vials and forms what is
called a hexagonal network. It completely
loads one shelf at a time. Here, too,
isolator protection is used to ensure
pharmaceutical integrity.
If a product is in a freeze-drying
process lasting multiple hours to multiple
days, Teva can use the system's filling and
sealing process in parallel for products not
requiring freeze-drying. All the way to the
shunt, the processing path corresponds to
that for freeze-dried products. Instead of
going to a freeze dryer the filled vials are
conveyed directly to the capping station,
have crimp caps applied and are sealed.
Optical monitoring checks whether the
cap is on correctly. The capping station is
the fourth isolator-protected zone in the
system.
The third path: Once the freeze-drying
process has ended, the vials, with stoppers
fully pressed in, are conveyed from the
freeze drying zone and shunted into the
capping process. After being crimped,
the vials are regarded as sealed in the
pharmaceutical sense.

FMEA, INTERFACE TESTS
AND SIMULATIONS

represented by Optima Pharma at the
construction site simultaneously.
Failure mode and effects analyses
(FMEA) were used in advance to study
the process for potential sources of risk.
Advance testing of interfaces, which
Optima Pharma guarantees as a turnkey
supplier, also contributed to the success
of the project. The control system for the
freeze drying systems was also simulated
in advance to detect potential faults.
Over the course of this project, the CIP/
SIP processes of the freeze-dryer were
optimized by means of simulation and
visualization (cf. page 13). New shelf areas
with improved lateral guides were used
for the first time in this project.
And the customer's conclusion? "The
collaboration with Optima was seamless.
Our contact person always found just the
right solutions. The teamwork between
Optima and Teva was an important key to
success." (Yakov Harony, Teva). The system
will process its first medications in the
Spring of 2016.

HOW DOES TURNKEY FUNCTION?
Excellence in project management,
in communication and in the technical

Turnkey – in this project, that also
included implementation of the particle
monitoring with particle counters and air
samplers, which Optima Pharma installed.
The same applies to the SCADA system,
redundantly equipped with two servers.
This controls the entire system from a
central computer including format and
recipe selection, format changeovers, and
provides batch reports. Also noteworthy is
the camera system used, which monitors
the sealing of the crimp caps. After just
two days of tests and fine tuning, this
system delivered the desired consistent
results – in this area that is an extremely
short time span.
During the installation phase on site
in Israel, the customer dealt with just
one contact person, as was the case for
the entire project duration. The filling
and sealing, freeze drying and isolation
technology areas were predominantly
20
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coordination of the plants are three
prerequisites for the advantages of
the turnkey concept to take effect. The
requirements for supplying turnkey
solutions are stringent.
Communicating with the customer
through a central contact person is a critical
feature of turnkey project management.
Then the customer benefits by having the
complexity of its own project management
massively reduced. Additional advantages
include comprehensive consultation,
uniform interfaces and documentation and even a centralized SCADA
system for the overall system.
Any company wanting to act as a
turnkey system manufacturer has to do
its homework in advance. Initially this
may not seem like a big deal, but means
nothing less than comprehensively
implementing
compliant
business
processes and standardization for all
plants:
-u
 niform communication standards
for project management
- r eliable mechanical, electrical and
software interfaces
-u
 niform database in all design
departments 

ISOLATOR IN NUMBERS
LEAK RATE

< 2%

(based on a volume of
1,011.2 l/h or 16.85 l/min)

CYCLE TIMES

0:55 h

for shunt and capper

2:35 h

all other operating modes
(log-10 cycle each time from the
beginning to < 1 ppm)

28 Glass doors
49 Gloves
2HO
2

2

Generators

4 Isolators
TOTAL WEIGHT OF THE
ISOLATOR SYSTEM

23,000 kg

approx.
(with control cabinets,
cabling and ventilation pipes)

TOTAL VOLUME
OF THE ISOLATOR SYSTEM

50.65 m³

Assembly across 3 levels
All inclusive – newly defined
o-com Magazine
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May 2014

March 2015

benefits from the previous internal tests
that were performed on the first system in
a very detail-oriented manner. The system
assembly and the preparation for delivery
takes place again in two shifts.

FREEZE-DRYING – FAST TRACK PROJECT

RECORD DESPITE A CHANGE
IN SPECIFICATIONS

Nothing is left to chance. More
than a hundred test points are planned
in advance by the construction site
management, fine-tuned with the
customer and executed in a structured
process. From safe parking lots for the
trucks carrying multi-ton loads, to access
routes, LAN connections and operating
media, all the way down to detailed
coordination of the assembly materials.

One remarkable project involved two mid-sized freeze drying systems
for which a period of nine months between order placement and
delivery was agreed upon. When critical specifications change after
the beginning of the project, it gets exciting…

May 2014: A North American contract
manufacturer with locations in Europe
issues an order for two freeze drying
systems, each with 20 m² of shelf area.
A few weeks later, the client and Optima
Pharma find that the increasingly
stringent process requirements of the
final customers are not in harmony with
the values specified in the order. These
requirements are normally met using
systems with shelf areas of 30 to 40 m².
The engineers at Optima Pharma look
for solutions and find them. Changing the
intermediate valve type and significantly
enlarging the ice condenser areas makes
it possible to achieve the required
sublimation performance with the initially
planned shelf areas. The unavoidable
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structural adjustments would delay the
project by approximately eight weeks.

decision-making whenever adjustments
become necessary.

QUALITY GATES IN PROJECT
MANAGEMENT

The organizational changes introduced
at Optima Pharma in the previous months
have proven themselves to be very
effective.

Overtime hours and shift work are
in store for Optima employees in the
internal assembly and start-up phases.
These measures, however, would not be
sufficient to make up for lost time.
Management and the project
manager decide that the building of the
two systems shall be delayed by two
weeks. If any issues or adjustments should
come up, the second system receives the
perfect solution without any time delay.
Generally, excellent and close cooperation
with the customer ensures quick joint

can respond more quickly to special
requirements and requests from the
customer, as was true in this project.

TESTS, TECHNICAL INNOVATIONS AND
OPTIMIZATIONS

measuring device that measures flow
speeds in the intermediate valve. The
newly implemented valves, mentioned
previously, achieve 40 % more water
vapor throughput.

This includes:
- structured, milestone-oriented
project management
("quality gates")
- meticulous scheduling
- extensive construction site
management

For this project, Optima Pharma
installs large service doors on the side for
the first time. The purpose of this solution
is to simplify the access to the technology
components, for example, if the front and
rear sides of the freeze-dryer are occupied
by conveyor belts, RABS or isolators. The
technology is simultaneously separated
from the hygienically protected zones.

Before the internal start-up, Optima
Pharma simulates and tests the processes
of the first freeze drying system
comprehensively. The two-week time
delay of the second system applies here
as well. Even in these early stages, the
customer is involved extensively.

In all phases, these changes shorten
the processes and substantially increase
transparency. The Optima engineers

The freeze drying systems are also
prepared for numerous measuring
technologies, including a TDLAS laser

The tests and simulations allow the
FAT to be reduced to one week for both
freeze-dryers. The second freeze-dryer

FULL THROTTLE TO FAT–
AND BEYOND

Difficult conditions for installation
persist on-site. Parts of the building in
which the freeze-dryers are installed
are still under construction. Flooring,
construction and welding work are taking
place right next to the re-installation.
This means that even more flexibility is
required of the employees.
March
2015:
Recommissioning,
SAT, IQ and OQ take place. The project
duration of ten months to delivery that
was achieved here is a new record. The
customer confirms that the delivery
is in line with quality standards with a
flawless acceptance test. Since then,
subsequent projects have illustrated that
the organizational measures and quality
assurance are effective over the long
term. 
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RESEARCH ON FASTER FREEZE-DRYING

CRYSTAL CLEAR
What happens in detail during freeze drying?
Controlled freezing and process analysis by means of
mass spectrometers optimize the freeze drying
processes. The functions and potentials of the new
methods are illustrated by this article.

INPUT

OUTPUT

With process times of one to several
days, pharmaceutical freeze-drying is a
major cost factor. What user wouldn't
want to be able to operate his/her systems
with higher throughput?

But which phases of pharmaceutical
freeze drying promise any sort of
potential for optimization? At this point it
is worthwhile to look at the entire process.

Optima Pharma accepted a project
for the customer, Gedeon Richter, that
involved reducing drying times. A
comprehensively equipped laboratory
with two laboratory freeze drying systems
is available for research and development
at the Mornshausen location. Here, the
team, led by Dr. Jens Philipp (Process
Technology Group Leader) extensively
tested the new technology for controlled
freezing as well as the newest gas analysis
technology in order to be able to optimize
drying recipes.

The vials containing liquid product
are placed on the shelves and made to
freeze. Thereafter, a two-stage drying
process follows. During main drying,
the ice is completely sublimated in the
vacuum. This is the longest step, taking
from one to several days depending on
the product. During sublimation, the ice
crystals skip over the liquid state of matter
and transform immediately into water
vapor. The water vapor is subsequently
deposited as ice onto the cold surfaces of
the ice condenser.
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BRING LIGHT INTO THE BLACK BOX

Freeze-dried product has a very large
inner surface area. Depending on the
product and the freeze-drying process, one
gram of freeze dried product corresponds
to approximately 0,5 to 5 m2 of surface area.
To obtain the desired residual humidity
content, the water adsorbed on this inner
surface of the product is desorbed by
drawing more vacuum. This subsequent
drying takes up to one day.
"It is actually the freezing process
which is crucial in determining the length
of the entire freeze-drying process,"
explains Dr. Philipp. "Depending on the
selected parameterization, freezing results
in a wide variety of ice structure types
that can be dried with varying degrees of
success," says the expert.

Freezing is a stochastic process,
which means that it is a process which is
impacted by random variables and that
depends on nuclei for the crystallization
of the liquid. Due to the pharmaceutical
products that are low in particles and
the tiny filling quantities, only a small
number of nuclei of crystallization are
available. In the case of conventional
freezing, this has a disadvantage in that
very low temperatures are required to
induce freezing of the product. The result
is particularly small ice crystals, which take
a long time to dry.

CONTROLLED FREEZING
This calls for the new "Control-Lyo©"
technology from Praxair, which Optima
Pharma uses in a laboratory freeze-dryer.

Using this system, the ice crystal size can
be adjusted to meet the requirements of
the subsequent drying process. During
freezing, the Control-Lyo© system supplies
a gas to the freeze-drying chamber (argon
or nitrogen), which dissolves in the liquid
product.
If the freezing temperature has
been reached, the pressure is abruptly
reduced. What happens next resembles
the foaming in a soft drink bottle after it
is opened quickly. The gas in the product
escapes. The microscopically small gas
bubbles resulting from this form nuclei of
crystallization for the freezing process. This
creates relatively large ice crystals. Larger
ice crystals allow the subsequent drying
process to be significantly shortened.

The effect that controlled freezing has
on the duration of drying depends on
the product. For individual products, the
drying capacity has been increased by
more than 30 %. This capacity has made
itself felt in the case of very long drying
recipes and significantly increases the
operating life of the systems.
It is to be noted that, with this
technology – particularly in the case of
very large freeze drying systems with large
volumes in drying chambers – large gas
flows need to be discharged. Those who
want to keep the option open to upgrade
the new technology later on should take
the necessary connection nozzles into
account.
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DECONTAMINATION SYSTEM FOR RETROFITTING

LATEST TECHNOLOGY FOR OLDER
TRANSFER AIRLOCKS AND ISOLATORS
The decontamination of transfer airlocks and isolators is
a critical procedure in sterile processing. Existing older
systems from METALL+PLASTIC can now be upgraded to
keep up with the latest technology: This is because the RG4C
decontamination system offers the patented H2O2 feeding
unit with flash evaporation.
The bottom line from Dr. Philipp:
"Optima Pharma views this technology as
future-oriented. Up to today, multiple freeze
drying systems have already been equipped
with these specific connection nozzles."

THE USE OF A MASS SPECTROMETER
The use of mass spectrometers
provides us with another option for
optimizing freeze-drying processes.

The mass spectrometer is a
versatile measuring device that, in
addition to process development,
provides even more utility:
- F or products that are
particularly prone to oxidation,
the oxygen concentration in
the chamber can be monitored
throughout the drying process.
- T he analysis of the air elements
oxygen, argon or helium during
drying is a suitable method for
discovering leakage.
- A
 fter system maintenance,
the mass spectrometer can be
used to find leaks.
- The detection of silicon oil leakage
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Together with Pfeiffer Vakuum,
Optima Pharma has designed and finetuned a portable mass spectrometer
for use in freeze-drying processes. Mass
spectrometers are highly sensitive
measuring instruments which determine
the composition of gases. The device
operates with a turbomolecular vacuum
pump in the high vacuum – that is, a
power of ten less than the vacuum for the
freeze drying process.
A mass spectrometer breaks down the
molecules of a gas into atoms and ionizes
the atoms. In a mass filter, the mass/
charge ratio of the atoms is measured. The
deviation depends on the field strength
and molecule mass. Dr. Philipp justifies the
advantage of this method of measurement
as opposed to optical techniques by citing
the very high precision, which lies at a
resolution of 10 ppm. In addition, mass
spectrometers are low-maintenance.

For quality control, Optima Pharma has
already tested the mass spectrometer on
a few production systems and also used it
for process development on a laboratory
freeze drying system. The drying progress
is evaluated primarily based on the gas
humidity in the drying chamber. Dr.
Philipp: "A distinction can be made easily
here between the main drying process,
during which almost the entire chamber
atmosphere consists of water vapor, and
the subsequent drying process with only
minor chamber humidity."

The M+P RG4C decontamination
system operates reliably and is lowmaintenance. Older transfer airlocks and
isolators from METALL+PLASTIC do not
yet contain this technology. These are
equipped with a third-party product for
H2O2 decontamination. With the upgrade
of the M+P RG4C unit, the reliability of
the decontamination process reaches the
highest level.

The gas humidity in the chamber
is an important measurement value
for judging the product humidity.
Particularly for the subsequent drying,
during which the gas humidity in the
chamber is relatively low, the high
resolution and precision of the mass
spectrometer prove to be advantageous,
especially in comparison with other
methods of measurement.

avoid blockage. It is not only the H2O2
flash evaporation that is especially lowmaintenance, but also the peristaltic
pumps that are used.
The compact stand-alone solution is
suitable for installation in a clean room or
in the technology area. Enhanced by an
optionally available, separately installed
20-liter feeding unit, the flexibility of the
system also increases.

The system performs a test of
the sealing before and after each
decontamination cycle. This guarantees
that the same amount of H2O2 is always
injected for the developed and validated
cycle. The H2O2 lines are also filled and
emptied in a controlled manner and the
injection nozzles are purged in order to

The standardized M+P RG4C decontamination system replaces existing
units. The data communication takes place
over industrial Ethernet. METALL+PLASTIC
offers a complete upgrading service,
including modifications, qualification,
validation and documentation. 

During flash evaporation, the
liquid H2O2 is transformed to a gaseous
state. This can only succeed without
creating residues in an extremely small
temperature range. The advantage of this
process is that virtually no maintenance
is required in the area of the evaporator
– even within the recommended

maintenance intervals of six months, no
residue could be found in the evaporator.
This process also involves a central, easily
accessible system, which simplifies the
handling considerably. Other systems
require regular inspections after 14 days
– and a cleaning process following every
application cycle.

NO RESIDUE: FLASH EVAPORATION
During use, the device is connected
to the drying chamber and a gas sample
is drawn from the chamber into the mass
spectrometer. This method simultaneously
ensures sterile production.

The RG4C evaporation unit blows
preconditioned clean, dry air (CDA) that has
been enriched with H2O2 to into the airlock
or isolator to effect decontamination.

Nozzles are already being provided
on many freeze drying systems for
connection to a mass spectrometer. 

With flash evaporation, METALL+
PLASTIC has developed a patented, nearly
maintenance-free system.
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A MATERIAL AIRLOCK FOR FILLING LINES AND CLEAN ROOMS

SMART TO THE CORE
"…IDEAL
FOR CAMPAIGN
FILLING..."

Safety and efficiency in aseptic production is a task requiring
intelligent planning and system technology: The new smart
MTC airlock from METALL+PLASTIC sterilizes and brings
materials into sterile zones. Edwin Torres from Bristol-Myers
Squibb and Maurizio Trombetta (METALL+PLASTIC) discuss
the use of this trend-setting technology in an interview.

materials. The material to be introduced
is decontaminated in the smart MTC and
afterward transported to the place of use
under laminar air flow via a transfer port
and introduced.
Editorial
staff:
"MTC"
stands
for material transfer chamber. What
importance do MTCs have in aseptic
production?

Edwin Torres from Bristol-Myers Squibb

Editorial staff: How do you benefit
from the Smart MTC at Bristol-Myers
Squibb?
Edwin Torres: Basically, conventional
material airlocks that are integrated into
filling line isolators are a functional, clean
solution for material transfers. But with
the smart MTC, we now have an airlock at
our command that also provides multiple
filling line isolators with all possible
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Maurizio Trombetta: MTCs are
integrated into many filling line isolators.
The primary function of the MTC is to
subsequently introduce materials into the
interior of the isolator. This is especially
important when performing filling for
campaigns or increasingly large batches.
In this case, the isolator remains closed
for several days and multiple batches are
filled in succession.
During the entire duration, the
pharmaceutical company must continually use an air sampling system and
particle counter to prove that the interior
actually corresponds to the requirements
of the specified cleanliness class. To
do this, MiBi material (agar plates and
petri dishes) must be introduced into
the isolator continuously. One tool or
another, such as tweezers or scissors, can
occasionally be very helpful in the isolator.

Editorial staff: Mr. Torres, what is the
key information about your smart MTC?

scenario, would have to be run through
the entire building.

Edwin Torres: The smart MTC is a
stand-alone system. That means that it
operates completely self-sufficiently. The
airlock is equipped with an integrated
M+P H2O2 generator, its own control
system and its own HMI. Another feature
is the integrated, fully automated glove
inspection before each cycle. The results
of this glove test, of the automatic
airlock sealing test and all of the
decontamination values can be found
in the batch report and, as such, can be
allocated accurately.

Editorial staff: Mr. Trombetta, is
the decontamination process in the
smart MTC comparable to the one in the
isolator?

Editorial staff: Mr. Trombetta, which
technological aspects of the new airlock
may be of particular interest to your
customers in practice?
Maurizio Trombetta: The smart MTC
extracts air from the clean room. Thanks
to the special catalyst technology, this air
can be blown directly back into the clean
room, even during the decontamination
cycle. The H2O2 concentration under the
exhaust filter is 0 ppm. As a result, being
in the cleanroom is completely safe
throughout the decontamination process.
We can completely forgo the use of an
exhaust pipe, which, in the worst-case

Maurizio Trombetta: Absolutely, but
this process is much quicker. Together with
our customers, we develop and validate
the decontamination cycles for the smart
MTC using bioindicators, which are 2 x 106
Geobacillus Stearothermophilus, which
is identical to the process for the isolator.
During cycle development, this allows
us to reach the "total kill". For the actual
production runs, Bristol-Myers Squibb
then uses a 10-log cycle.
Editorial staff: Mr. Torres, how do you
control the smart MTC?
Edwin Torres: This procedure is
identical to the one used for filling line
isolators. The smart MTC possesses its own
full-fledged SCADA system with trending,
recipe management and a connection to
the on-site domain.
Maurizio Trombetta: Alternatively,
the airlock can be retroactively integrated
into an existing SCADA system. 
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IMMUCOAT® AT AB DIAGNOSTIC SYSTEMS

GROWS WITH YOUR NEEDS: SYSTEM FOR ELISA TEST KITS
charge. The control panel registry assigns
each plate a serial number that enables
quality controls as well as multibatch
processing without any danger of mixing
up batches.

GENTLE AND EXACT: µl DOSING

Take part in every expansion: AB Diagnostic Systems doubled capacity
in stages and introduced multi-batch operation with ImmuCoat®.

A textbook startup: AB Diagnostic Systems GmbH was
founded in Berlin in 2010. The company quickly made a name
for itself among the users of diagnostic products through its
ELISA tests. There is one more factor that sets the company
apart: From the very beginning, as many processes as
possible were automated. The biotechnology company opted
for a scalable ImmuCoat® system from Optima Life Science,
and then decided to expand this system after only two and a
half years.

ELISA test kits are manufactured and
packaged in a fully automated process
with ImmuCoat®. In the first expansion
stage in 2011, ImmuCoat® was still being
used in alternating operation, because
certain processes are carried out multiple
times during manufacture of the test kit,
including incubation. The corresponding
machine functions can be started up
repeatedly. This changes the direction of
processing. Nevertheless the first in/first
out principle is preserved. The advantage
of this variation of operation is that the
modules can be used multiple times.
As a result of the changing direction of
transport, however, only one batch can be
processed on the system at a time.
AB Diagnostic Systems quickly
increased sales. This brought production
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up to the capacity limit of the existing
expansion stage. After only a few months
AB Diagnostic Systems decided to convert
to the line operation and supplement the
existing ImmuCoat® components with
additional modules. Time spent on site:
two weeks. During this time the existing
system was disassembled, the newly
expanded large ImmuCoat® system was
installed, recipes and parameters were
adjusted and the personnel was trained.
For several months the ImmuCoat®
system has been configured for batch
sizes up to 5760 pieces. Thus the capacity
was doubled. Since then the line has been
working in two-shift operation. And the
system is now being used in multibatch
operation. Test kits of various batches can
be on the system simultaneously without

being mixed up. The multibatch function
enables the best possible use of the
existing system capacity. Approximately
25 % more throughput can be achieved
with this function (depending on the
basic parameters).
The goal of the whole manufacturing
process is to build up a stable and uniform
layer of antigens or antibodies in the wells
(cavities) of the ELISA test kits. This layer
must be on the floor and up to a defined
height on the walls of the wells. Systems
engineering has a crucial impact on the
product quality.
First the microplates are destacked by
destackers and placed into the transport
system of the ImmuCoat® system. The
plates are deionized to reduce static

For the coating, 100 µl of the coating
solution are dosed into each of the 96
individual wells of a microplate. This
expensive and sensitive solution contains
the antibodies or antigens. Optima Life
Science uses glass piston pumps and
special valves that have, in extensive tests,
proven themselves to be especially gentle
on the product. This effectively prevents
mechanical damage to the substances.
In addition, the dosing accuracy is quite
essential. Much of the development work
was invested in optimizing the dosing
heads with respect to fluid technology.
Their special design ensures uniform
flow through all needles. In addition, the
system detects air bubbles that might
form, thereby preventing dosing errors.
This process is followed by long-term
incubation, during which the contained
antibodies or antigens attach themselves
to the walls and floor of the wells.
Temperature and humidity can be used to
achieve the greatest possible uniformity
of distribution and, where appropriate, to
accelerate the process. Process limits are
defined by the substances, which are often
temperature-sensitive, as well as other
factors. The incubators integrated into
the line are fully climate-controlled and
can be operated between 4 °C and 37 °C
as well as between 40 % and 90 % relative
humidity. The two intercoupled modules
provide a total capacity of 5760 plates,
which can be simultaneously incubated.
o-com Magazine
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The modules are integrated directly into
the line, so that manual handling is not
required for loading and unloading, or
anywhere else in the whole line.

1 µl). This amount is reached using a
suction function with geometry and fluid
mechanics specially developed for this
purpose.

The next step ensures that only the firmly
adhered layer of antibodies or antigens
remains in the well. The coating solution
is vacuum suctioned out of the individual
wells, which are then washed. In multiple
washing cycles, 200 µl of washing solution
per well are dosed in each cycle and, after
a brief exposure time, removed again by
vacuum. For additional stabilization of
the antibodies or antigens in the well,
now a specific solution is added, which
is incubated for about three hours at AB
Diagnostic Systems. A downstream, nonclimate-controlled short-term incubator is
used for this process.

The subsequent drying process is
based on a climate-controlled incubator
module. The drying unit supplies dry air
and forces out humid air. The recirculating
air system – equipped with adsorption
drying, heat exchangers and HEPA filters
– creates dry air. This is fed by injection
nozzles, absorbs the residual moisture
from the plates and is guided into the
outer area. As a result, the temperature
and humidity values defined in recipes
are reliably attained, and the antigens or
antibodies are in a stable crystalline layer
fixed in place in the well.

STABLE STRUCTURES IN THE WELL
A finishing aspirator module prepares
the plates for drying. Here again, the
greatest precision is required. In the
well there should now be only a residual
amount of liquid (typically less than

The final step of inline processing
is packaging. The ImmuCoat® module
pushes the microplates, along with
desiccant sachets, into a pouch whose
opening is held open. Then the pouch is
sealed by the machine. If necessary, the
vacuum suckers integrated into the pouch

spreaders create a defined vacuum in
the packaging. The scanner, printer and
labeling machine provide each package
with a serial number that corresponds to
the one on the microplate.

RELIABLY REPRODUCIBLE
Thanks to automated cleaning processes,
the system can be set up to accomodate
new products within a few minutes. All
movements in ImmuCoat® are carried
out by stepper motors. The system makes
due without a pneumatic system, which
has a noticeably positive effect on the
operating costs. Format changeovers are
carried out exclusively via the control
panel. In addition to the time savings,
the reproducibility of all processes in
particular is a main advantage. This is
ensured by numerous process controls.
Thanks to the all-around automation,
only one person is needed to operate the
system and provide it with materials.
From a technical perspective, the
ImmuCoat® system capacity could be
additionally expanded at any time. 

NEW PROCESSES VIA PLUG & PLAY
An ImmuCoat® system can be operated
with a base station with a length of
0.75 meters. Six process modules can
be integrated on this station. Additional
base stations and modules result in large
production lines, as in the use case at AB
Diagnostic Systems described here. The
line has a length measuring about 16
meters and consists of standardized base
and process modules. Special modules

are available for areas where space is
tight.
With ImmuCoat®, Optima Life Science
has developed a plug & play system.
This means that the system operator is
able to modify the line concept alone.
If the module arrangement needs to be
changed, simply unscrew two screws
and an electrical plug connector and

then move the module to the desired
location in the same way. The system
controller detects the new position and
adapts itself accordingly. Customers use
this system function particularly for tests,
new products and process optimization.
For the majority of available microplates,
the data records for automatic parameterization in the control system have
already been stored.

The dosing heads of the 96-way manifold are optimized with respect to fluid
technology. That ensures uniform flow through all needles and prevents the
formation of air bubbles. The dosing accuracy in the µl range is extremely high.
32
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MANUFACTURING OF
Two paths, two goals. Maximum flexibility or the greatest possible output:

MEDICON MDC 300 VARIO

FLEXIBILITY THAT COUNTS

WOUND DRESSINGS
Two real-world examples show how completely different machine
types master these challenges.

MEDICON MDC 300 ADVANCED

HIGH-SPEED IN THE OEE EXPRESS
MACHINES IN THE TWIN PACK

Typical functions for manufacturing
advanced wound-care products are the
rolling and unrolling of film-based and
foam-based materials, delaminating of
multilayered roll materials, pick-andplace positioning of pre-formed materials,
laminating and rotary punching.

Processes that can
be configured and adjusted
quickly! The user in this example
decided in favor of a MEDICON MDC
300 Vario. Its area of application is the
development of new wound dressings.
In addition, the machine carries out
production for the market launch of new
products.
Optima Life Science configures the
processing process on the MEDICON
MDC 300 Vario for a first type of wound
dressing. But right after it is taken into

operation at the location of the customer
(SAT), critical raw materials for the product
change. A conventional system would be
able to be adjusted now only with very
high effort and/or expenses.

NEW PROCESS WITHIN A FEW HOURS
The individual function modules of the
MEDICON MDC 300 Vario can be fastened
to any point on the machine's back panel.
The new process is simply reconfigured
on the HMI. The customer can do this
alone. In the future, this will be the case
for all wound dressings that the customer
develops anew. A suitable process is ready
for use within a few hours.

The machine uses camera systems
for handling tasks as well as to detect
material errors and contamination of the
surfaces. In addition, the dimensions and
position of the dressings are determined
and checked in what are called island
dressings. More functions can be added
later to adjust the processes or further
increase the automation.
The customer was already impressed
by the Vario machine platform when
placing the order. Right after it was put
into operation, the customer benefited
from this special machine concept for the
first time. 

ONE-OF-A-KIND: MEDICON MDC 300 VARIO
Converting systems are impressive
judging by their complex functions and
their size alone. Optima Life Science has
succeeded in creating a modular design
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for this type of system for the field of advanced wound care. Real plug & play for
flexible manufacturing and development
of wound dressings is a reality here. The

system operator can configure the modules himself/herself. No programming
knowledge is required for this whatsoever.

The two fully identical MEDICON MDC
300 Advanced systems manufacture two
different product lines. Island dressings
are wound dressings with adhesive film
on all sides. Wound pads are placed in
the center of these dressings. The second
type is foam-based products without
overlapping film.

When precision meets maximum
output and maximum output meets
continuous operation – that is when a
MEDICON MDC 300 Advanced is used. This
project began with an exact investigation
into the degree to which automation has
an impact on the efficiency of the system
(and the type of impact).
Nowadays, two MEDICON MDC 300
Advanced systems at the customer's
location produce foam-based wound
products inline and wrap them in primary
and secondary packaging. But beforehand
each individual material web and each
raw material was carefully examined.
How long is the transit time of a roll? How
frequently must the roll be changed? How
long does it take to make the change, and
what are the effects if this is performed
in a fully automated, semi-automated or
manual process? How does this impact

the OEE (overall equipment effectiveness)
value? The increase in the OEE value was
compared with the required investment
to determine the cost effectiveness.
These analyses defined the optimum
design for the lines. The result is two
systems that are completely automated
and have automated changing devices
for the raw materials that are fed. Thus,
for example, all unwinding units have a
redundant design and are equipped with
automatic splicing units. All elements that
are in short supply or have a capacity limit
have a redundant design. If this is the case,
the machine automatically switches to the
reserve without any machine downtime.
All cutting systems have a carbide metal
design for a long service life. All remaining
materials and scraps are continuously
suctioned up, shredded and put in
collection bags.

Raw materials – films, foams and
non-wovens on rolls – are unrolled in
the machine and separated from their
original substrate (delamination), cut,
pulled to a distance and positioned in
multiple layers. These layers are joined
(lamination) and then are finally cut.
Then the inline packaging process is
carried out. First, the products are put
into pouches and sealed on four sides;
then they are stacked and a high capacity
cartoner puts them in secondary
packaging. Each carton receives a label
and is control weighed before the
collective packaging begins.
The two systems, each with a length
of about 30 meters, operate at a conveyor
speed of up to 50 m/min. For the smaller
sizes this corresponds to an output of up
to 600 products/min, which the cartoner
takes and puts in secondary packaging
with corresponding output.
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SHOWROOM: MEDICON MDC 300 ADVANCED
High speed manufacture of wound dressings.
The highlights of the project from page 35 briefly
summarized:

Inline process
for the manufacturing of
wound dressings
and their packaging
(Four-side sealed pouches
and cartoners)
36

o-com Magazine

Redundant
design
of all elements that
are in short supply
or have a
capacity limit

Conveyor speed
up to 50 m/min or
600 products/min

Advance
analysis
of all factors that
influence the
OEE value of the
systems

Automated
changing devices
for all
raw materials

Two
identical systems
for two
different product
lines
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TRADE SHOWS

SPORTS SPONSORSHIP

ROBOTICS PROJECT GROUPS

BIKERS, FOOTBALL PLAYERS AND A STADIUM

CAREER GUIDANCE AND FUN COMBINED

In addition to supporting social
projects, Optima is also involved in sports
sponsorship. This includes the mountain
bikers of the MHW Cube team which
is entering its 14th year of competitive
cycling in 2016. 16 athletes in the U15
to U23 age groups participate in racing
events in the Olympic cross-country
discipline, some of which are international
competitions. In the past season, two
of the cyclists, Sven Strähle and Philipp
Bertsch, also took part in world cup races
in Canada and the US. After taking the
32nd (Strähle) and 33rd (Bertsch) places
in Mont-Sainte-Anne, achieving a place
in the top 25 was thought to be in reach
and was the goal stated before the race in
the US. At the world cup in Windham, the
extremely dusty conditions led to difficulty
breathing for Sven Strähle – in the end he

was happy just to have completed the
race. It went better for Philipp Bertsch,
who achieved his desired result exactly by
coming in 25th place. In the previous year,
another one of the team's cyclists, Louis
Wolf, completed Cape Epic, the largest
mountain bike race in the world, for the
first time along with his team partner in
South Africa. They crossed the finish line
in 26th place.
When a sport is played with an odd,
egg-shaped ball, discipline is as good
as certain: Football. One of the best
German teams, the Unicorns, is located in
Schwäbisch Hall. They won the German
Bowl in 2011 and 2012. In both the 2012
and 2013 Eurobowl seasons, the team
reached the quarterfinals. In 2015, the
football players from Schwäbisch Hall

were the German runners-up. For the past
year, Optima has been one of the jersey
sponsors of the German Football League
team. The contract extends into the year
2017. As a matter of fact, there are more
(indirect) ways in which the company is
connected to the sport of football. First
of all, the American Optima location is in
Green Bay, Wisconsin. This city is home to
one of the best US professional teams, the
Green Bay Packers. Optima Pharma has a
location near the Hessian city of Marburg
– the hometown of Schwäbisch Hall's
league rivals, the Marburg Mercenaries.
Optima has also been appearing in
the name of a newly opened stadium
in Schwäbisch Hall since 2015. Soccer,
football and other matches take place in
the "Optima Sportpark".

Three years ago, Optima brought the
first robotics project group into existence
in Schwäbisch Hall. LEGO is used to
introduce children between eleven and
fifteen years of age to the technical career
possibilities in a playful context. "LEGO
Mindstorm" is the name of the blocks
from which each two-person team builds
a robot. The unique thing about these
blocks is that they have been enhanced
with motors and software.
Optima has developed courses in
collaboration with schools in the region.
Employees and teachers supervise these
courses together. Materials such as LEGO
building sets and laptops are sponsored.

"An enormous source of support for
us as a school, but also for many of our
students," says Thomas Kuhn, principal of
the Leonhard-Kern-Realschule, a secondary
school in Schwäbisch Hall. "The children are
becoming familiar with new perspectives
in a playful way and incidentally learning
an incredible amount of life skills. They are
blossoming in an entirely different way."
Optima wants to draw the children's
attention to technical careers early on
and present them with the different
perspectives
and
development
opportunities. Robotics project groups
are currently being supported at three
schools in the region.

NEW METALL+PLASTIC CORPORATE VIDEO
"PHARMACEUTICAL ENGINEERING": STUDY ON CATALYTIC VENTILATION

PRODUCTIVE TIME INCREASED SIGNIFICANTLY
A conventional isolator has been
retroactively converted for catalytic
ventilation. This retrofitting project was
supervised by a five-person team of
authors in a study. The goal of this project
was to significantly reduce the particularly
time-intensive ventilation phase. This
phase is a necessary consequence of
the actual decontamination process in
the isolator. This technology is meant to
remove the H2O2 that is potentially harmful
to pharmaceutical products significantly
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faster from the filling and sealing area.
This allows filling and sealing systems to
return to productive status significantly
more quickly. For the first time, the precise
time values with respect to particle
concentration have been determined by
customers. The result is impressive: The
duration of ventilation was successfully
reduced from the previous 5:30 hrs down
to 2:45 hrs. The study appeared in the ISPE
publication "Pharmaceutical Engineering"
(January / February 2016).

The article also described basic
regulatory conditions, the construction of
the isolator, the position of the catalytic
converter as well as a prototype phase,
which provided information about the
final design. For some time, isolators
from METALL+PLASTIC have only been
manufactured with catalytic ventilation
units. Existing isolators from the
manufacturer can be retrofitted.

METALL+PLASTIC isolators are im-

pressive because of their premium quality. This quality is evident in details such
as self-manufactured screws all the way
up to technical innovations such as the

patented, particularly low-maintenance
evaporation unit for H2O2. A new corporate video provides glimpses into how this
customized, high-tech feat of mechanical
engineering comes into existence.

Use the
QR code to go
directly to the
corporate video.

http://image-film.metall-plastic.com

2016-04-13 2016-04-15

Pharmintech
Bologna, Italy

2016-04-20 2016-04-23

CIPM
China International
Pharmaceutical Machinery
Exposition
Chongqing, China
Hall/booth: C-10-1

2016-04-26 2016-04-29

Cophex
Goyang, South Korea
Korea International
Exhibition Center 1,
Hall 3, KINTEX 1

2016-04-26 2016-04-28

FCE Pharma
Sao Paulo, Brazil
Booth: D90

2016-05-17 - EXPO PACK
2016-05-20 Expo Bancomer Santa Fé
Mexico City, Mexico
Booth 1330
2016-06-08 - Pharma Forum 2016
2016-06-09 74523 Schwäbisch Hall
Germany
2016-11-05 - CIPM
2016-11-08 China International
Pharmaceutical Machinery
Exposition
Fuzhou, China
2016-11-06 - Pharma Expo
2016-11-09 Chicago, Illinois, USA
Hall: West
Booth: W-731
2016-11-06 - PACK EXPO
2016-11-09 Chicago, Illinois, USA
Hall: North
Booth: N-6121
2016-11-14 - Emballage
2016-11-17 Paris, France
2016-11-14 - Compamed
2016-11-17 Düsseldorf, Germany
Trade show grounds
2016-11-21 - p-mec India
2016-11-23 Mumbai, India
Booth: F32
2016-11-22 - PharmTech
2016-11-25 Moscow, Russia
Crocus Expo IEC
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