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Dear Reader,

The pharmaceutical industry faces a unique challenge: regulatory require-
ments are increasing, sustainability goals are becoming more important, and 
time productivity, quality, and security of supply must be maintained. Topics 
such as GMP Annex 1 and the EU F-Gas regulation clearly demonstrate that 
standing still is not an option. The question is no longer whether processes 
and technologies need to change, but rather how this transformation can be 
successfully managed.

For pharmaceutical companies, this means making investment decisions  
that meet today’s regulatory requirements while also creating long-term  
economic value. However, there is rarely a single right path. Different manu-
facturing strategies, market demands, and business objectives require flexible 
solutions and tailored concepts. This is precisely where we see our role at  
Optima Pharma. We support our customers in converting complex require-
ments into robust, future ready manufacturing concepts. 

Whether it is manual or fully automated processes for aseptic filling, innovative 
isolator technology solutions, or sustainable refrigeration and lyophilization 
systems, success is determined not by the technology alone, but by the tangi-
ble value it delivers for safe, efficient, and economically viable operations.
Just as important as the right technology is a reliable partnership. Especially 
in times of change, pharmaceutical manufacturers need a partner that takes 
responsibility throughout the entire lifecycle of a project, from engineering and 
commissioning to long-term operation. That is why we are strategically in-
vesting in our global technical support capabilities and continuously expanding 
our presence across North America, Europe, and Asia. Our goal is to provide 
customers worldwide with fast support, high system availability, and rapid  
response times, regardless of time zones or geographic boundaries.

The articles in this edition of O-COM demonstrate how regulatory compliance, 
sustainability, and business success can be effectively aligned. They offer in-
sights into proven solutions, emerging technologies, and successful real-world 
partnerships.

We hope you find this issue both informative and inspiring, and we look 
forward to working together with you to shape the future of pharmaceutical 
manufacturing.

Dr. Johannes-Thomas Grobe	 Matthias Poslovski 
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Annex 1: from single- to fill- 
and-finish system solutions

Annex 1-compliant solutions can offer significant  
advantages over conventional technical approaches  
in several respects. For this reason, it is well worth  
taking a closer look at the latest technologies. Ideally,  
a range of technical options should be available to  
meet varying operational and regulatory requirements. 
These solutions cover everything from equipment  
setup and changeover to environmental monitoring.
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Traditional refrigerants with a high environmental impact will 
become increasingly expensive and eventually be phased out 
of the market. As a result, new freeze-dryers generally require 
refrigeration systems designed for environmentally friendly 
refrigerants. Optima offers several refrigeration concepts and 
hybrid solutions, each with specific performance characteris-
tics. This enables the development of customized systems 
that are precisely tailored to each customer’s process require-
ments, sustainability goals, and operational needs. 
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Biological indicators, when used with appropriate 
procedures, are widely recognized and accepted by 
regulatory authorities. However, the characteristics 
of these indicators require specialized expertise 
and experience when developing bio-decontamina-
tion cycles. The parallel use of enzyme indicators 
can further enhance process reliability while signi
ficantly reducing validation and monitoring time.
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News New CTO at Optima Pharma

On April 1, Christian Reichardt joined Optima Pharma as Chief 
Technology Officer (CTO). He has 17 years of international 
experience in the development of highly automated production 
systems. In his new role, Christian Reichardt is focused on clear 
strategic priorities, including quality assurance and the continued 
advancement of the company’s product portfolio. A key objective  
is the development of the next generation of Optima machines.  
In this context, he sees the adoption of emerging technologies, 
particularly artificial intelligence (AI), as a key driver for the future.

Expansion of the training center  
and training capacity

Employee development and customer training were 
clear priorities in 2025. Through thousands of training 
days delivered worldwide, Optima made targeted in-
vestments in building technical expertise and professio-
nal capabilities. At the same time, the Optima Pharma 
training center in Schwäbisch Hall was expanded with 
a new two-story addition. Equipped with state-of-the-art 
training rooms and equipment, the enhanced facility 
provides an ideal environment for hands-on qualifica
tion, practical learning, and effective knowledge transfer.

Closer to customers worldwide

To strengthen customer proximity and shorten project 
timelines, Optima continues to expand its global network. 
In addition to expanding its presence in the United States 
and strengthening its engineering and manufacturing  
capabilities in India and China, the company established 
new locations in Ireland, Italy, and Saudi Arabia in 2025.  
In 2026, additional sales and service offices were opened 
in Slovenia, Spain, and Denmark. This growing presence in 
key growth markets enables closer customer engagement, 
faster response times, and more collaborative partner
ships with customers at the local level. By being closer  
to its customers around the world, Optima can provide 
more responsive support and deliver solutions tailored  
to regional needs and market requirements.

Strategic expansion of facilities 

Optima Pharma continues to expand its capacities across 
multiple locations in Germany. In Radolfzell, a new 1,800 m² 
assembly hall for state-of-the-art isolators was built, along 
with more than 100 new office workstations. In Schwä-
bisch Hall, an additional 4,800 m² facility was equipped 
to meet the specialized requirements of pharmaceutical 
machinery manufacturing. In Gladenbach-Mornshausen, 
assembly capacity for freeze-dryers increased by 50% to 
keep pace with growing market demand. These invest-
ments in new infrastructure are part of a comprehensive 
growth initiative that includes not only construction pro-
jects but also the expansion of teams across all locations. 
By strengthening both its facilities and workforce, Optima 
has created the capacity needed for future growth while 
further deepening its technological expertise and in-house 
capabilities.

Pharma news & expertise:  
the new Optima Pharma LinkedIn channel

Optima Pharma launched its dedicated channel in March 
2026. The goal is to provide focused, pharmaceutical-spe-
cific content that gives customers direct access to relevant 
industry expertise and technical information. The channel 
offers insights into solutions, technologies, and innovations 
shaping the pharmaceutical industry, delivering content 
that is curated, targeted, and tailored to the interests of 
pharmaceutical professionals. Optima Pharma’s LinkedIn 
presence serves as a valuable source of industry insights, 
timely updates, and thought-provoking perspectives. The 
dedicated channel also strengthens Optima Pharma’s 
visibility within the industry and complements existing com-
munication efforts by creating an additional platform for 
direct engagement with customers, partners, and industry 
experts.

Service further strengthened  
and expanded globally

Over the past several years, Optima Pharma has strate
gically enhanced and expanded its service organization on 
a global scale. A globally aligned service portfolio ensures 
consistent quality standards and clear points of contact 
throughout the entire lifecycle of customer equipment. At 
the same time, digital solutions and new service offerings 
have been introduced to address specific customer needs 
and operational requirements. Globally established service 
hubs and additional resources enable faster response 
times and closer on-site support around the world. These 
efforts are complemented by an increased focus on know-
ledge transfer, including comprehensive training programs 
that engage both customers and Optima employees. This 
further strengthened the role of Service as a strategic 
partner in day-to-day operations.

Follow the new channel and  
become part of the community:
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Ready for Annex 1:
from standalone to 
system solutions 
GMP Annex 1 presents significant challenges for the pharmaceutical 
industry. The good news is that Annex 1-compliant technologies and 
solutions are already available and can be integrated into compre-
hensive, end-to-end manufacturing systems. The following article 
explores technical approaches and the regulatory framework.

 IMPORTANT FOR YOU

	⚪ 	Annex 1 requires extensive changes in fill-and-finish. 
Optima provides solutions:

	⚪ Handling tools in four versions are sufficient to equip 
large systems in a compliant manner.

	⚪ Mechanical and magnetic quick-connect systems and 
guides simplify installation.

	⚪ RTP ports are opened and operated from the outside.

	⚪ Filling-path installation with up to 10 filling needles is 
performed using handling tools or fully automatically 
by robot.

	⚪ A new linear sorting system replaces the sorting bowl 
and provides maximum process reliability. Setup is 
performed using handling tools or by robot.

	⚪ Real-time environmental monitoring or automated 
petri dish exchange reduces or eliminates glove-port 
interventions.

	⚪ System concept: Predominantly mechanical or nearly 
fully automated solutions result in coherent options.
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Practical implications

In accordance with Annex 1, all direct or indirect product-contact 
parts and materials within the system must now be sterile prior to 
production start. Bio-decontamination of a fully assembled sys-
tem using VPHP alone is therefore no longer sufficient. This has 
implications for both operational procedures and system design.
First, this concerns machine set-up – with a new logic. Direct or 
indirect product-contact parts and materials are autoclaved before 
being transferred via RTP ports or material transfer systems 
(MTCs) into an already bio-decontaminated system. Glove contact 
with these parts is not permitted, even within a bio-decontamina-
ted system. This demands carefully designed handling solutions 
or comprehensive automation.
Particularly relevant in this context is the installation of the filling 
path. Filling needles and tubing must no longer be directly handled 
via isolator gloves, which requires dedicated solutions. For very 
large and heavy format parts, such as sorting bowls, sterile trans-
fer via MTCs or RTP ports is not feasible. The current common 
practice is to autoclave sorting bowls and install them with a  
Tyvek cover prior to the bio-decontamination cycle. However, 
handling bowls with a Tyvek cover entails risks to maintaining 
sterility.

Second, interruptions of First Air must be avoided or, in critical 
zones, eliminated. This applies both to setup activities – for  
example, when installing format parts for stopper insertion –  
and to the processing operation itself. This includes replenishing 
materials like stoppers, where glove interventions over the trans-
port rake to open an RTP port is no longer permitted. 
Third, additional glove interventions occurring during the process
ing phase are now considered critical under Annex 1. Environmen-
tal monitoring using petri dishes still requires a significant number 
of handling interventions.
These “hotspots” from three areas illustrate how Annex 1 in
fluences fundamental operations and processes.

Handling tools

One of the challenges posed by Annex 1 is the requirement to 
handle or install parts and materials with direct or indirect product 
contact without touching them with isolator gloves. How can  
this be achieved? Optima has developed new solutions for this 
objective. This handling concept contains three key elements:

Since GMP Annex 1 became mandatory in August 2023, decision-
makers across the pharmaceutical industry have been navigating 
a complex landscape shaped by regulatory interpretation, capital 
investment, and technical feasibility. At the same time, invest-
ments are expected to ensure long-term Annex 1 compliance. 
Equipment manufacturers must respond to this situation by 
delivering appropriate solutions.
Concretely, this means that standalone solutions designed to 
meet Annex 1 requirements must increasingly evolve into inte
grated end-to-end systems with a consistent, system-wide logic. 
Ideally, multiple system configurations should be available to 
address different requirements. One approach is maximized auto-
mation. Another is the use of intelligent manual handling solutions 
that are fully compliant with Annex 1. This approach allows a 
range of options and strategies to build a coherent fill-and-finish 
system that meets Annex 1 requirements while also addressing 
the specific needs of individual companies.
What solutions does Optima offer to meet these requirements? 
As a turnkey provider, a system-based approach is a natural fit. 
In addition, new functions and technologies address previously 
unresolved or critical Annex 1 items. This article addresses key  
regulatory requirements where Optima has developed new tech
nical solutions.

Three core statements of Annex 1 are driving many  
of the technical changes now required: 
1. �The distinction between a sterile and a bio-decontaminated 

state as they relate to direct and indirect product-contact  
parts and materials within the isolator. For these materials  
and components, sterility is mandatory. 

2. �Glove interventions in the isolator are considered critical, as 
they increase the risk of contamination. They are prohibited  
for direct or indirect product-contact parts and materials. In 
general, glove interventions in aseptic processing should be 
avoided wherever possible. 

3. �The First-Air principle: Unidirectional airflow must reach critical 
areas without interruption or deflection. Critical areas include 
direct and indirect product-contact parts and materials, as well 
as the equipment zones in which they are located.

→

Autoclavable tools for 
filling-path installation 
prevent direct contact. 

Faster changeover pro-
cesses are a welcome 

side effect.

Regulatory background: 

sterility, first air, and glove interventions
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New machine set-up

Autoclaved – and then what?

An alternative to introducing autoclaved parts into the 
isolator via RTP sterile transfer is the following approach: 
Components protected with Tyvek are placed into the 
open isolator and biodecontaminated while still enclosed 
in their Tyvek packaging. Only after the decontamination 
process is complete are the Tyvek bags opened, and 
the components positioned using the handling tools 
mentioned above. This is a system that is also attracting 
considerable interest within the pharmaceutical industry.

→

New stopper setting format parts  
are installed in just a few steps:  

Single-handedly and with an autoclavable 
tool – making the process faster and 

Annex 1-compliant.

ARROW-UP-LONG

With the optimized design, rotational movements  
take place outside first-air critical zones.

ARROW-UP-LONG

Only a few installation tools are required to set up a line for nested syringes. 
Quickrelease systems are used almost throughout.
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↑

Using as few and as com-
pact autoclavable parts 
as possible contributes 
to the optimized system 
design.

into their holders are complex and highly precise – yet they  
tolerate certain unavoidable variances. For example, depending  
on their position and folding, the tubing can exhibit different  
return forces. Likewise, the exact takeover position inside the  
port is not always identical.
To enhance error-handling capability, the Optima solution offers 
repeat cycles. If a sequence does not execute as intended, the 
system automatically restarts the process. Maximum precision is 
required when inserting the needles into their holders. The robot 
arms must follow the defined trajectory exactly to ensure that 
the delicate filling needles “thread in” without damage. The same 
applies to the robot arms themselves: Their movements must  
not violate First Air and must be programmed accordingly.
Both manually guided and robotbased installation are fully  
suitable for multi-laned high-performance filling and closing lines. 
The solutions are also compatible with systems designed for 
high-potency active pharmaceutical ingredients (HPAPI). In these 
applications, the filling paths must be uninstalled and contained 
after washdown and before the system is opened. Both versions 
of the fillingpath installation, including removal (if required), are 
productionready and part of the Optima portfolio.

Since the introduction of Annex 1, one question has become 
particularly pressing: How can sorting bowls be transferred and 
installed in an Annex 1-compliant manner? Sorting bowls are indi-
rect product-contact parts. They must be autoclaved and sterilized 
prior to entering the system. Due to their size and weight, transfer 
via RTP ports or MTCs is not feasible. The following practice has 
become common – though controversial – since Annex 1 imple-
mentation: Sorting bowls are autoclaved, protected with a Tyvek 
cover, and then brought to the open system. There, they are in
stalled under laminar flow prior to performing a bio-decontamina-
tion cycle. Only after decontamination is the Tyvek cover removed. 
The challenge here is the manual handling of the Tyvek-covered 
bowls can be partially supported by the system, but it does not 
result in a fully controllable or reproducible process.
The new linear sorting system provides the solution. Optima offers 
two options: A manually assembled version and a fully automated, 
robot-installed option. In the fully automated version, the installa-
tion robot later assumes additional tasks within the process.  

Autoclavable handling tools, components, and format parts are 
introduced into the isolator via RTP sterile transfer. The operator 
reaches into the isolator using the glove ports and picks up a for-
mat part – now, however, with an autoclaved handling tool, which 
represents the first element of the concept. The tool ensures a 
safe distance between the glove and any materials that have 
direct or indirect product contact.
The second element of the concept then comes into play: Dedi-
cated mechanical and magnetic guides to facilitate the precise 
positioning of the autoclaved parts in their designated locations. 
With this magnetic-mechanical assistance, nearly all parts are 
guided into their installation position. Their positioning is achieved 
without tools or screws. (Only a few highly stressed connections 
currently still require screw fastenings to prevent abrasion and 
material reactions; solutions for these cases are already in 
development.) Handling tools are removed from the components 
just as effortlessly.
The third distinguishing feature is that only four different tools are 
required to install all format parts and autoclaved components 
in a comprehensive fill-and-finish system. One tool is designed 
to interface with multiple parts. This concept delivers simplicity, 
safety, and consistency across the installation process. An  
additional advantage is that the tools have increased the speed 
and ease with which components can be installed.

Sterile transfers 

New or significantly enhanced solutions are now available for  
the sterile transfer of autoclaved components and materials into 
the isolator. Traditionally, classic RTP ports have been operated 
manually from inside the isolator via glove-port interventions. 
These interventions can now be eliminated. First, the opening of 
the alpha/beta door system on the isolator interior is actuated  
mechanically or electrically from the outside. In addition, special
ized RTP ports equipped with magnetic movers transmit externally 
executed movements directly into the interior of the port.  

This allows the beta drawer and rack system of the port to be initi-
ated from outside the isolator without any gloveport intervention. 
For stopper processing and feeding, dedicated processing solu-
tions with combined RTP-port configurations are also available. In 
these systems, stoppers are washed and sterilized locally before 
being automatically transferred into the isolator.
With four different RTP port sizes (as well as the MTCs), a wide 
range of components and materials can be transferred into the 
isolator – from pre-sterilized filling paths and format parts to  
materials like stoppers. These parts must then be transported 
to their point of use, again without any direct gloveport contact 
inside the isolator. In addition to the handling tools, Optima offers 
an optional mechanical transport solution. In this configuration, 
the transfer occurs directly from the RTP port to a rail-guided 
transport module, which then delivers the components to their 
designated location.

Filling path installation 

The filling path is one of the most critical components during 
machine setup. For its installation, Optima has developed two 
options, both ensuring the highest level of pharmaceutical safety. 
In both approaches – manual installation using handling tools or 
fully automated installation – the filling needles can be enclosed in 
specific protective sleeves. These sleeves are either autoclaved to-
gether with the needles or supplied fully presterilized and prevent 
any direct contact with the isolator gloves. Only when the filling 
needles are inserted into their holders can the integrated safety 
mechanism be released and the sleeve removed. Here as well, the 
autoclavable handling tools form an essential part of the solution. 
Using these tools, the filling needles and the entire filling path are 
installed safely and efficiently.
Optima also offers a fully automated installation of the filling path. 
With the RTP port open, a robot reaches into the transfer position 
inside the isolator and receives the filling needles together with 
their tubing. The motion sequences required to insert the needles Gamechanger: linear sorting 

Retrofits?

Retrofit solutions are a central Annex 1 topic. However, not 
every new solution can be transferred to an existing system. 
In some cases, the required installation width is not available, 
or RTP ports cannot simply be added because they might 
interfere with other components. In many situations, handling 
tools remain a viable option. Ultimately, nothing can replace 
an individual assessment of each specific system. Optima 
conducts numerous discussions and provides guidance.

↑

Components such as the product tank reach their point  
of use via a rail system.

↑

Rapid transfer ports can be opened from the outside on the inside of the  
isolator. This eliminates numerous glovebased interventions into the isolator.
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The stopper intervention 
tool is autoclavable.

→

↑

The automated opening of the lid activates  
the microbial collection function.

↑

Continuous particle monitoring complements microbial collection via  
petri dishes. Optima’s EMS overall system is fully Annex 1-compliant.

the second collection container into position. This multi-task  
robot used in the linear sorting system justifies its investment, 
compared with a pure sorting function at the sorting bowl, 
through its significantly higher level of operational contribution.
For the GMP Annex 1-compliant execution of this system, several 
factors are essential. In addition to the autoclaving of all compo-
nents that directly or indirectly contact the product, the motion 
paths of the robot arm must be designed so that first air is never 
interrupted. To achieve this, a defined clearance from the linear 
sorting system must be maintained. As a result, the systems 
become slightly wider compared with earlier design concepts.
Linear sorting systems cover the full range of performance 
requirements. Another advantage is that format parts can be 
delivered within just a few weeks. In contrast, traditional sorting 
bowls require an exceptionally high amount of manual work and 
individual testing, resulting in delivery times of several months. 
Fast availability becomes particularly valuable when format ad-
ditions or format changes are required later. A clear trend toward 
linear sorting systems is already evident today. 

Isolator glove interventions must be avoided wherever possible in 
accordance with GMP Annex 1. Many of these interventions still 
occur during environmental monitoring. The aseptic state of the 
system is assessed using petri dishes that serve as active and 
passive microbial collectors. These plates are manually removed 
from their protected storage inside the isolator and placed at the 
designated monitoring locations. 
Depending on the facility’s risk-based Contamination Control 
Strategy (CCS), the active microorganism samplers, where air is 
actively drawn across the medium, must be closed again between 

10 and 40 minutes later. During active sampling, the medium 
dries quickly, causing the petri dish to lose its ability to collect 
microorganisms. As a result, plates must be changed frequently, 
particularly at the beginning and end of a batch. Over the course 
of a batch, this leads to a considerable number of glove interven-
tions. After the batch is completed, the petri dishes are incubated, 
examined for microbial growth, and the results are documented.
New systems reduce manual interventions or eliminate them 
entirely. Two different approaches are available: Systems that 
continue to operate with petri dishes, and real-time monitoring 
systems. First, the solutions based on petri dishes:

Petri dishes: reimagined

The BioCapt single-use air microbial collectors are modified petri 
dishes. They can remain open inside the isolator for up to four 
hours without losing functionality. The system is suitable for 
the active continous airborne microbial monitoring. For active 
sampling, air is directed onto or through the modified plate. This 
principle, combined with a thicker layer of medium, enables the 
significantly extended operating time. This reduces the number of 
interventions. As with conventional systems, the BioCapt single-
use collector must be positioned and activated inside the isolator 
by opening the protective lid, which also shields the medium from 
H2O2 exposure. The mechanism is simplified to the extent that 
manual handling inside the isolator is reliably achievable, or it  
can be performed by a robot. 

Automated EMS-solutions 

Optima also offers an alternative system that uses traditional, 
more cost-effective petri dishes. With this approach, handling can 
be carried out with virtually no glove interventions. A patented 
handling system removes the plates from a storage position and 

↑

Stopperintervention systems have proven highly effective 
in real-world operations on Optima lines. They detect and 
remove incorrectly oriented stoppers.

In both options, the autoclaved components are introduced into 
the isolator in a defined order via an airlock system. The non-
product-contact machine base on which the components are 
installed  
has already been bio-decontaminated at this stage.
Each component is received by the robot inside the isolator and 
installed onto the machine base. In the manual option, this task is 
performed by the operator using the appropriate tools. In the fully 
automated version, an autoclaved spacer is used to ensure the 
required separation between the biodecontaminated zones and 
the autoclaved components being installed.
The linear sorting system consists of only a few components. It 
includes the combined bunker-hopper for receiving the stoppers, 
an initial mechanical separation unit for removing “sticky” stop-
pers, as well as additional vibration-based conveying and sorting 
devices. This sorting function detects stoppers that are oriented 
upside down or lying on their side, immediately adapts to their 
position, and removes them. For example, incorrectly positioned 
stoppers fall sideways through an opening in the linear guide.  
Two collection containers are transferred into the isolator and  
positioned at the linear sorting unit. They later receive the in
correctly oriented stoppers.

Up to three sorting functions

With the two described mechanical separation and sorting  
functions, the level of process reliability is high. It can be increased 
even further if the installation robot additionally assumes a stop-
per-intervention function during the process.

A camera monitors the multi-lane linear guides for stoppers that 
are still not correctly oriented. The robot removes these stoppers 
from the process using an autoclaved needle tool – a combination 
tool that is used as needed and connected to the robot arm with 
an autoclaved spacer. The stopper intervention function has al
ready proven effective with sorting bowls and again demonstrates 
its capability in the linear sorting system. The combination of 
the new linear sorting design and the mechanical separation and 
sorting functions results in a very high level of process reliability 
at a point that was previously considered the most critical process 
step in fill-and-finish.
The robot therefore assumes several tasks overall. First, the 
assembly of the system, and then, if required during the process, 
the removal of stoppers. Finally, it returns the containers holding 
the rejected stoppers to the bunker and feeds them back into the 
sorting system. To ensure uninterrupted collection, it first moves 

Environmental monitoring: 

reducing glove interventions

Autoclaving is not the same  
as bio-decontamination

Autoclaving requires heat-resistant materials and is 
used for medical instruments and – since Annex 1 – 
also for materials that come into direct or indirect  
contact with the product in fill-and-finish operations.  
In an autoclave, saturated steam is applied under  
pressure – typically 121 °C at 1 bar overpressure for  
15 to 20 minutes (or 134 °C for shorter cycles). The 
moist heat denatures proteins and inactivates bacteria, 
viruses, spores, and prions. The required SAL 10-6 
(sterility assurance level) describes the probabilistic 
reduction of viable organisms to a sterile level.
Bio-decontamination is typically carried out using 
vaporized hydrogen peroxide. It is suitable for  
temperature-sensitive materials and for treating larger 
surface areas, including those inside isolators. Proof  
of successful bio-decontamination is obtained using 
biological indicators and by identifying worst-case  
positions within the isolator. According to GMP, a 
≥ 6-log reduction must be achieved at all locations, and 
especially at these positions. This level corresponds to 
a “decontaminated state,” which is not equivalent  
to “sterile.”
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↑

Innovative solution: Optima’s automated Environmental Monitoring System (EMS)  
effectively reduces or eliminates glove-port interventions in the isolator.

places them at the designated location for active use. It opens  
the lid, thereby activating the collection function, and simul
taneously scans the plate. After use, the system closes the plate 
and transfers it to a second storage position. A new plate is auto-
matically placed and activated by opening its lid. If the subsequent 
sterility testing indicates microbial contamination, the scan and 
timestamp make it possible to pinpoint the quantity of medicinal 
product that must be discarded.
With this system, glove interventions are only required during  
large batches, when the buffer must be replenished with new  
petri dishes.

Real time or automated plate replacement?

real-time monitoring systems for the detection of microbial  
and particle contamination inside the isolator take a different  
approach. The available systems operate according to comparable 
functional principles but differ in their technical implementation. 
What they share is that, as of mid-2026, they are not yet compre-
hensively recognized from a regulatory standpoint; approval has 
so far been granted only on a case-by-case basis. Therefore, petri 
dishes are still used in parallel for monitoring. Regardless of this, 
the potential reduction in glove interventions is so significant that 
Optima has already integrated several of the leading systems into 
customer installations. With this strategy, and the potential for 
consistent results between methods, the outlook for full regulatory 
acceptance in the near future is improved.

In brief, the systems combine total particle counting inside the  
isolator with the detection of viable particles or microorganisms. 
The latter is achieved through a method that identifies viable 
particles based on their fluorescence, using appropriate optical 
sensor technology.

New alternative with fluorescence

Technological development of real-time monitoring systems is  
advancing rapidly. Soon, differences may arise from how well 
these systems can be integrated into the machine substructure.  
At present, the devices are still large enough that they must be 
installed as separate units next to the machine, which is a disad-
vantage for operators during routine operation. Important quality 
characteristics may also include how reliably false-positive results 
can be excluded, as well as whether, and how precisely, the source 
of particle contamination within the system can be localized. 
Other factors, including the ease of decontamination, may be 
important for system selection.
For Optima’s customers, the company’s prior experience with  
these systems is a key factor – particularly its expertise in real-
time monitoring, automated handling of traditional petri dishes, 
and the BioCapt single-use system. Ultimately, the customers’ 
requirements and philosophies determine which solution is best 
suited. And that requires having options to choose from.

Returning to the system concept – and to the core intention of 
Annex 1: Maximum medicinal-product safety. Since it came into 
effect, the technological and solution landscape in pharmaceutical 
equipment engineering has already changed significantly. For a 
traditionally conservative industry, this is a substantial transfor-
mation. First, it is important that technical solutions now exist 
that meet the expectations of Annex 1. Looking, for example, at 
the issue of the sorting bowl, a solution was considered almost 
impossible only a few months ago. Today, the new linear solution 
appears self-evident, even inevitable. Second, there are choices in 
implementation. Some requirements can be met using fundamen-
tally established methods, such as the petri dish, combined with 
new technology. In other cases, the new requirements lead to 
entirely new machine features and advantages, such as real- 
time monitoring inside the isolator. These options meet different 
customer needs.

Third, there is the possibility – and the capability – to combine 
these building blocks into a cohesive system. Compliant sys-
tems should offer a selection of solutions that ideally follow a 
consistent underlying logic. Alongside criteria such as “proven” or 
“sustainable,” cost considerations also play a decisive role. With 
the solutions currently available, Optima is already coming very 
close to this system concept. The turnkey approach contributes 
significantly to this.
Fourth, taking a holistic view of all system components ultimately 
facilitates the design of fully Annex 1-compliant equipment, exten-
ding even to the development of coherent machine platforms. This 
becomes particularly evident in the numerous First-Air assess-
ments, where the advantages of cross-disciplinary simulations 
carried out by Optima as a turnkey provider become clear. 

System concept and turnkey approach

↑

The patented EMS covers both active and passive microbial collection using petri dishes, as well as particle monitoring.  
As an integrated system, it ensures continuous process monitoring and prevents production interruptions.

A patented handling system retrieves  
the petri dishes from a storage location 
and positions them at the designated 
point within the process.
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Enzyme indicators: 
for safest bio-deconta
mination cycles
When used correctly, enzyme indicators offer significant benefits in the  
development of bio-decontamination cycles. This article explores their  
promising properties, practical applications, and the research supporting  
their use – while also addressing current limitations in their use.

 IMPORTANT FOR YOU

	⚪ Enzyme indicators (EIs) are a valuable,  
complementary tool in VPHP cycle development.

	⚪ Qualification and validation of bio-decontamination  
cycles remain, by regulation, recognized only 
through biological indicators (BIs).

	⚪ Optima conducts studies on EI variances,  
which so far have demonstrated high accuracy  
and reliability of EI results.

	⚪ Today, EIs can be used particularly for accelerated 
VPHP cycle development, troubleshooting (gas  
distribution studies), and identifying potentially  
additional critical positions in the isolator.

	⚪ The industry acknowledges the benefits of  
complementary EI use. A broader data base  
on EIs is emerging.

INNOVATION  1918  O-COM pharma  |  September 2026



BIs contain living spores.  
Manufacturing is a complex process.

first, regarding the “functionality” and limitations of BIs: BIs 
contain living organisms, specifically the highly resistant spores 
of the bacterium Geobacillus stearothermophilus. When exposed 
sufficiently to H2O2, these spores are inactivated.
It is known that the manufacturing process of BIs leads to a rela
tively high level of variability in the number of spores that may be 
present on a single carrier strip. The number of spores influences 
the inactivation rate of a previously defined bio-decontamination 
cycle. This circumstance can therefore affect the result after  
incubation, and thus the decisive question of whether spore 
growth has occurred or not.

To keep the impact of this variability as low as possible, GMP 
requirements stipulate that BIs from an identical manufacturing 
batch must be used for each VPHP cycle development. Further-
more, sampling must be used to determine whether the variability 
lies within a defined range. However, the method used to determi-
ne the number of spores – ideally one to two million spores per 
test strip – ultimately also exhibits uncertainties. According to Dr. 
Andreas Demmler (Group Leader Development Bio-decontamina-
tion at Optima), variances of +300 to –50 percent compared to the 
actual spore count may occur. Since this is a destructive testing 
method, the result also provides no information about the BIs that 
are later actually used.
Ideally, the spores placed on a test strip are arranged next to each 
other. Only under this condition can the vaporized H2O2 physically 
reach and inactivate all spores. If this is not the case, meaning a 
single spore is “covered” by other spores or by contaminants, this 
is referred to as a “rogue BI.” Because a rogue BI cannot be fully 
inactivated by H2O2, it will always show a “growth” result after incu-
bation. A rogue BI therefore cannot correctly reflect the success of 

Through the comple-
mentary use of enzyme 
indicators, Optima has 

identified additional critical 
positions in isolators in its 

projects.

→

Proof of sterility in isolators – more precisely, the demonstration 
of reproducible 6log microbial reductions using vaporized hydro-
gen peroxide (Vapor Phase Hydrogen Peroxide, VPHP) – funda-
mentally requires the use of biological indicators (BIs). Only these 
comply with the applicable regulatory requirements. Procedures 
and framework conditions are described, among other sources, 
in GMP Annex 1. Qualification and validation of systems within 
isolators must therefore continue to be carried out using biological 
indicators.
Why, under these circumstances, should the use of enzyme 
indicators (EIs) even be considered? The weaknesses, limitations, 
and potential pitfalls in working with BIs are also well known. Thus, 
following GMP regulations precisely is not in itself a guarantee of 
safe qualification and validation of a bio-decontamination process 
in the isolator. In general, BIs require qualified and vigilant handling 
to reliably avoid these potential pitfalls.
The question to be clarified, therefore, is whether EIs can be used 
as a meaningful complement to BIs. Which EI characteristics 
would best suit certain application scenarios?

Findings from the current body of research

Optima has been working intensively with EIs since 2019 and is 
among the pioneers and trailblazers in this field. The goal is to 
become familiar with the characteristics and properties of EIs and 
to contribute to their scientific substantiation. In 2022, Optima 
published a peerreviewed study in the PDA Journal. In 2025, the 
company conducted 
a case study – struc-
tured in parts in a 
comparable manner – 
on the analogous use 
of EIs and BIs in the 
isolator of a syringe 
filling machine. Some 
results from these 
studies are summari-
zed below.
By no means can every project in which Optima uses EIs comple-
mentarily in VPHP cycle development be evaluated in full scientific 
detail. Nevertheless, the insights gained from practical applica-

tion are also informative. On this basis, Optima can provide initial 
recommendations for the use of EIs and report on their properties. 
Another very extensive study is currently in development: On four 
identical customer systems, Optima will be able to carry out VPHP 
cycle development in parallel using both EIs and BIs. This will provide 
extensive comparisons and insights.
The influence of the “EI Focus Group” will be particularly interesting 
to observe. In this group, leading pharmaceutical companies have 
joined forces to conduct broadbased research on the use of EIs. A 
research team from the group recently contributed an article to the 
PDA Journal of Pharmaceutical Science and Technology entitled 
“Insights for the use of Enzyme Indicators in Hydrogen Peroxide 
Bio-Decontamination Cycle Validation” (Vol. 80, Issue 3, May/June 
2026). The paper explores key findings, methodologies, and practi-

cal approaches to the use of 
enzyme indicators, offering a 
comprehensive assessment 
of their potential applications 
in bio-decontamination cycle 
validation.
Many companies in the 
pharmaceutical industry are 
also exploring and examining 
EIs. At Optima’s Pharma 

Forum 2025 in Schwäbisch Hall, Germany, Johanna Hemphälä (PhD, 
Associate Principal Scientist Microbiology, AstraZeneca) presented 
her experiences from the practical use of complementary EIs in the 
context of VPHP cycle development.

Three biological indicators 
per position examined – 
labs reach their limits with 
large isolator systems. 
Complementary enzyme 
indicators make the task 
easier.

←

In studies, as well as in practical appli-
cations, Optima uses both biological 
and enzyme indicators. This leads to 
meaningful results and comparisons.

↓

Initially, EIs generate quantitative, 
percentage-based data that  
measure the effectiveness of the 
decontamination process.
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As part of a study, Optima examined the following factors:
A) �Exposure-related factors: Includes placement of indicators, 

timing of reading after gassing, variability in gassing kinetics, 
specific loading scheme, and more.

B) �Influence factors: Includes temperatures during reading of  
the test strips and EI storage climate.  

C) �Inherent factors: Cannot be influenced and are inherent to 
the overall system. These include the test device, tubes, and 
consumables.

In a 2022 study, the overall EI variability (CV) was 23.7%. This 
value could be attributed to the previously mentioned factors:  
A) = 46.2%, B) = 25.3%, and C) = 28.5% (sum = 100%). These 
results are in significant agreement with those of earlier studies. 
Optima also frequently determines overall variability in practical 
work with EIs. Against this background, a “worst-case assump-
tion” of 30% overall variability for EIs is recommended today if no 
other determination of variability is possible.
Also noteworthy is a study on the variability of EI test strips prior 
to gassing. Here, the test strips were removed from their packa-
ging and evaluated immediately. In this study, Optima measured 
a variance of less than 15%, which speaks for the quality of the 
test strips. A direct mathematical comparison of the two indicator 
types before gassing is not possible, as BIs only produce binary 
results.

A closer look at EI properties and application scenarios already 
proven effective in practice is certainly worthwhile. First, EIs 
provide quantitative, percentage-based measurement results 
for the decontamination success at each position. For example, 
a result might indicate that after H2O2 exposure, 20% enzyme 
activity remains at a given position. Demmler says, “Here I receive 
a percentage numerical value that I can interpret. This is a huge 
benefit and far more informational than the ‘growth/no-growth 
result’ produced by BIs.”
If two or more EIs are used per position, the measurement  
uncertainty that occurs in practice can also be determined. This 
overall variability can then be factored into the development of  
the bio-decontamination cycle as a kind of “buffer.” Alternatively,  
if the overall variability cannot be determined in-house, the recom-
mendation is to calculate with an overall variability of 30% as a 
worst-case assumption. This worst-case assumption is based on 
the studies conducted by Optima, as well as on experience from 
practical work with EIs.

Insights into EI variability

To gain a deeper understanding of EIs, factors can be distinguis-
hed by their specific influence on overall variability. For example, 
there are factors that depend on the handling of EIs and are 
therefore conditionally variable. Others, however, are technically 
determined and cannot be influenced.

the decontamination process. In production or quality assurance 
processes, however, these rogue BIs remain undetected. Results 
after incubation must therefore be interpreted and understood 
with awareness of the possible occurrence of this “rogue issue.”

Proven. But always meaningful?

As mentioned, BIs show two states after incubation: Growth or no 
growth. To obtain more differentiated results, three BIs are therefore 
usually used per position in the isolator during VPHP cycle develop-
ment. Complete inactivation of all three, or growth of all three BIs, is 
statistically more meaningful. In addition, a result of “partial growth” 
may occur if one or two BIs at a given position could not be inac-
tivated after gassing. This provides a significantly more nuanced 
statement per position.
In very large systems, this creates an additional challenge. For 
example, with 300 positions examined and three BIs per position, a 
total of 900 BIs must be incubated and evaluated. As Dr. Hemphälä 
explained at the Pharma Forum, this results in a workload that is 
barely manageable and exceeds the capacity limits of most labora-
tories and teams.
BIs require a 7-day incubation time to determine indicator results. In 
VPHP cycle development, these results must be determined before 
any meaningful adjustments can be made. This long, unproductive 

period must therefore be considered a disadvantage once an alter-
native exists. Demmler also critically notes that the availability of 
BIs is currently not always assured and that their quality does not 
always meet expectations.
Despite all criticism and considering the known weaknesses, 
particularly the potential “result uncertainties,” as well as the 
established mitigation strategies, the test method for qualifying 
and validating bio-decontamination cycles for isolators based on 
BIs ultimately remains a safe and proven approach. Nevertheless, 
considering the BI characteristics and issues described, one can-
not speak of an ideal testing arrangement.

What can EIs do that BIs cannot?

at present, EIs and the associated evaluation method are not re-
cognized by regulatory authorities for demonstrating decontami-
nation in isolators. The available data is not yet sufficient for this, 
as Demmler also points out. Demmler, a containment expert, 
emphasizes the need for ongoing research on enzyme indicators 
across multiple areas to expand the data base. He believes EIs 
provide significant complementary value, as they already gene-
rate useful additional information today. In addition, EIs offer a 
time advantage in evaluation, which can be used strategically to 
complement BIs.

When evaluating 
biological indicators, 
“rogue BIs” must also 
be considered, as they 
could distort results.

←

Biological indicators must be incu-
bated for seven days before a result 
is available. Time advantage with 
the enzyme indicator, which can be 
evaluated in about one minute.

↓

Biological indicators show binary 
results after gassing: Growth or no 
growth. Enzyme indicators provide 
quantitative results.

↓

Instead of waiting the 7-day incubation  
period required for BIs, an EI delivers  
results in approximately one minute.
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The previously mentioned peer-reviewed study from 2022 was 
more comprehensive overall. However, part of the study design 
corresponded to the comparison described above, in which BIs 
and EIs were evaluated at identical positions after a defined bio-
decontamination cycle. In this study as well, worst-case positions 
were consistently identified.
The overall consistency, particularly in identifying worst-case  
positions, is an important finding that should be validated more 
broadly through additional studies. This approach demonstra-
tes how EIs can be applied effectively in practice, by providing 
information on potentially additional critical positions or by further 
securing worst-case positions. EIs thus offer an additional layer  
of safety that can be integrated into the project. 

Streamlined troubleshooting. Rapid results.

In gas distribution studies, EIs can provide meaningful information 
in a relatively short time. Gas distribution studies are applied in vari-
ous contexts, particularly for troubleshooting. Here, time is a critical 
factor, as production interruptions must be minimized.
Instead of the seven-day incubation required for BI evaluation, an 
EI displays a result after approximately one minute. Although EIs 
cannot all be evaluated simultaneously after gassing, the overall 
time advantage amounts to several days. The quantitative results 
provided by EIs are especially helpful in troubleshooting, where 
insufficient local gas concentrations often need to be identified.  
In comparison, BI results indicating “partial growth” are far less 

informative. EIs are therefore a highly useful tool for identifying 
critical spots much faster and responding to them more accurately 
and immediately.
In practice, another application of this new indicator type is fore
casting BI results based on EIs. This can be done by establishing an 
EI/BI correlation. For this purpose, after gassing BI and EI indicators 
at identical positions, the RLUrem values of the EIs are statistically 
related to BI triplets that show “partial growth.” Compared to VPHP 
cycle development conducted exclusively with BIs, this approach 
also saves considerable time.
In all application scenarios, qualification and validation remain ex-
clusively reserved for BIs. However, EIs can save a great deal of time 
and effort up to that step. Additional EI application scenarios are 
certainly conceivable, emphasizes Demmler. These would always 
depend on the objectives. For example, one possible goal could be 
to reduce the number of BIs used if supply shortages persist.

EIs as a complementary, convincing tool 

EI evaluations are now part of Optima’s regular service portfolio.  
The company currently has six reading devices available for 
determining RLUrem values. These devices are permanently 
maintained in a qualified and validated state. Since the readers are 
compact and lightweight, they can be transported in a suitcase on 
flights. At the deployment site, the device is verified in a short time 
using a portable, calibrated light source. After that, the devices are 
immediately ready for use. 

However, the high variance in spore counts on BI test strips (+300 
to -50 percent) can serve as a conditionally insightful comparison. 
This suggests that EIs are likely to have an advantage in terms of 
result accuracy. It should be noted that the reference values are 
not directly comparable. In practice, additional influencing factors 
are also relevant, such as how sensitively indicators react to 
temperature effects. These factors were considered in the study 
on overall variability.

Are worst-case positions identified?  
Studies and practice.

As part of an initial VPHP cycle development for a syringe line, 
Optima was able to conduct the study mentioned above. A total of 
220 positions were examined on this installed customer system. 
For each position, three BIs and, complementarily, two EIs were 
used. From the very first cycle, the worst-case positions were con-
sistently identified by both BIs and EIs. Furthermore, BI positions 
that showed complete growth were compared with EI results. 
Consistently, these EI positions exhibited the highest RLUrem 
values (see box). In addition, EIs identified critical positions that 
would have remained undetected if only BIs had been used.

Background: functionality  
and evaluation of EIs

Enzyme indicators contain the thermostable enzyme 
adenylate kinase (tAK), which reacts to vaporized 
H2O2. Depending on the exposure time and H2O2 
concentration, a measurable enzyme activity remains, 
ranging down to “zero.” Compared to high tempera-
tures, temperature fluctuations, and oxidation, tAK 
is relatively insensitive. This results in the desired, 
predictable inactivation profile.
The remaining enzyme activity after exposure to H2O2 
in the isolator is measured as follows: After comple-
tion of the bio-decontamination cycle, an enzyme 
indicator is individually transferred into a reaction  
vessel, and ADP (adenosine diphosphate) is added. 
The ADP is then converted, depending on the remain
ing enzyme activity of the indicator, into ATP (adeno-
sine triphosphate) through a biochemical process. 
Luciferin and luciferase are then added to the reaction 
vessel containing the indicator. In combination with 
the formed ATP, this triggers a bioluminescence re-
action. The amount of light emitted is measured by a 
luminometer and expressed in statistically normalized 
relative light units (RLUrem – remaining relative light 
units). This provides a quantitative result.

Today, enzyme indicator (EI) 

evaluations are an integral part of 

Optima’s service portfolio.

→

Optima contributes to 
expanding the data base 

on enzyme indicators 
through studies. The 

results so far indicate 
comparatively high 

accuracy.

Non-gassed enzyme indicators show a variance of less than 15%. 
A worst-case variability assumption of 30% can be recommended 
if no other determination is possible.

↓

The compact EI readers  
are suitable for transport, 

even on flights.

→
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New refrigeration 
technology for alter-
native refrigerants  
in lyophilization 
Climatedamaging refrigerants are increasingly becoming obsolete – both 
from an environmental standpoint and under evolving regulatory require-
ments. As a result, modern freeze-drying systems are now being developed 
with refrigeration technologies that utilize sustainable, environmentally  
responsible refrigerants. Optima offers three system variants, as well as hybrid 
configurations, to deliver precisely coordinated, customerspecific solutions. 

 IMPORTANT FOR YOU

	⚪ The updated EU Fgas Regulation is leading to shortages and 
steep price increases for climatedamaging refrigerants. 

	⚪ New and established solutions are available: Cascade 
 refrigeration, LN2 refrigeration, and airbased refrigeration  
systems – each with its own characteristics. 

	⚪ Hybrid and central refrigeration systems are additional variants 
that make it possible to implement customer-specific, optimal, 
and sustainable refrigeration solutions.

	⚪ Numerous factors must be considered when deciding on a 
type of refrigeration technology – consulting, digital tools, and 
modeling provided by Optima form a solid foundation for this 
process. 

	⚪ This EU climateprotection regulation is already having a global 
impact today, not least because comparable requirements – 
such as those set out in the U.S. AIM Act – are also, in force.
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The updated EU Regulation on Fgases, adopted in 
2024, will significantly restrict the availability of clima-
tedamaging HFC refrigerants. A phasedown plan de-
fines their future availability: The quantities placed on 
the market will be dramatically reduced by 2030 and 
will then decline to zero by 2050. The higher the global 
warming potential (GWP) of an Fgasbased refrigerant, 
the earlier it will be banned.
In the United States, the AIM Act has a similar effect. 
Although this regulation allows for a longer transition 
period, the ban of climatedamaging gases is also ex-
pected in the foreseeable future. Globally, the prices of 
highGWP refrigerants are already rising substantially.

Consulting and calculations

Considering these developments, freeze-drying sys-
tems are being designed with refrigeration technology 
engineered for natural, climateneutral refrigerants. 
Several refrigeration technologies are available to  
suit customer-specific requirements and operating  
scenarios. A range of factors must be considered 
when planning – extending from technical details of  
the equipment to the existing on-site infrastructure.  
The question of the “best” solution can therefore only 
be answered with: It depends.
“Refrigeration technology is now regularly a central 
part of our consulting process,” reports Dominik Hof 
(Customer Application Engineer at Optima Pharma). 

“In doing so, we analyze the advantages and disadvan-
tages of the systems on a customer-specific basis.” 
According to Hof, production planning is also consi-
dered together with a customer’s performance and 
consumption data, and the potential operating costs 
of the alternatives are outlined.

Refrigeration technology  
for alternative refrigerants

three types of refrigeration technology are particularly 
well suited to meeting a broad range of customer 
requirements and application scenarios: Cascade 
refrigeration, LN2 refrigeration, and airbased refrigera-
tion. Cascade refrigeration is a highly efficient solution 
for many – but not all – applications. LN2 refrigeration 
has been established for decades and is used in many 
pharmaceutical companies, but depending on batch 
sizes, it is associated with relatively high consumption 
costs. Air-based refrigeration is a relatively young 
technology in pharmaceutical freeze-drying, but is 
considered environmentally friendly and lowmainte-
nance, though it currently still entails relatively high 
investment costs.
Optima also designs hybrid systems and central re-
frigeration systems. First, a brief overview of how the 
three fundamental types operate:
In cascade refrigeration, compressors – like those 
used in conventional refrigeration systems – generate 

cooling by compressing and expanding within a closed 
circuit. Natural refrigerants circulate within this circuit; 
they have a negligible GWP but require an adapted 
system design. This is due, first, to their thermodyna-
mic properties: Compared with their environmentally 
harmful predecessors, alternative refrigerants cover a 
smaller temperature range. Second, these alternative 
refrigerants are flammable, which demands specific 
technical safety measures.
With cascade refrigeration, the limited flow properties 
can be compensated for. In a refrigeration module, 
two – sometimes even three – refrigeration circuits 
with compressors, in which refrigerants circulate, 
are interconnected. The cooling generated in the first 
circuit, typically using propane gas (R1270), is trans-
ferred via a heat exchanger to the second refrigeration 
circuit, which is designed for even lower temperatures. 
A suitable refrigerant circulates in this second circuit, 
usually ethane (R170). Depending on the required 
capacity, a refrigeration module can be combined with 
additional modules to achieve a higherperforman-
ce refrigeration system and scaled accordingly. All 
refrigeration modules are housed within a ventilated 
enclosure.

The connection between this cascade system and the 
“consumers” is established via heattransfer circuits 
using silicone oil. The consumers are the shelf plates 
in a freeze-drying chamber and, in most cases, the 
condenser. Each of these components has different 
cooling requirements during the process, which are 
met by two separate heattransfer circuits. Both circuits 
run through the ventilated enclosure, where the refrige-
ration capacity generated by the system is transferred 
via heat exchangers.
The refrigerants, in turn, circulate only in small quan-
tities and exclusively within the refrigeration modu-
les located inside the ventilated enclosure. Should 
a natural refrigerant escape from a circuit, it could 
form a flammable and potentially explosive mixture 
when combined with air. Optima relies not only on the 
physical separation of the enclosure from its surroun-
dings and on explosionprotected components but also 
incorporates additional safety measures. Sensors con-
tinuously monitor the interior of the ventilated area for 
any escaping gas – a slight negative pressure ensures 
that, in the event of a leak, any gases would be auto-
matically drawn into an exhaust duct. Consequently, 
the refrigeration system achieves an exceptionally high 

Not only Europe

Good to know: The EU Fgas Regulation has 
implications far beyond Europe. Beginning 
in 2030, European manufacturers of freeze-
drying systems will no longer be permitted 
to export refrigeration technology that relies 
on highglobalwarmingpotential refrigerants, 
regardless of the regulatory situation in the 
receiving country. At the same time, global 
prices for climatedamaging refrigerants are 
rising sharply due to increasing scarcity. The 
transition toward refrigeration technology 
based on alternative refrigerants is therefore 
clearly defined.

← 

The number of available F-
gases is being significantly 
reduced internationally, 
and their prices are conti-
nuously increasing. New 
lyohilization systems are 
therefore equipped  
with refrigeration 
technology designed for 
environmentally friendly 
refrigerants.

OPTIMA will design each refrigeration 
system configuration based on the 
customer's specific requirements.
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safety standard for natural refrigerants, which, inciden-
tally, also circulate today in every modern refrigerator, 
tumble dryer, and heat pump.

LN2 refrigeration technology

The design of a refrigeration system using liquid nitro-
gen (LN2) is comparatively straightforward. The liquid 
nitrogen is evaporated in shellandtube heat exchan-
gers, which cool the silicone oil. As in other systems, 
the silicone oil is circulated by heattransfer pumps 
through the shelf plates, where it ensures uniform tem-
perature distribution. The condenser is typically cooled 
by the direct evaporation of LN2 within the condenser 
coil. This latter process is purely physical and operates 
without any mechanical assistance.
Since the LN2 refrigeration system is based on com-
paratively simple technology, the investment costs 
remain manageable. Ideally, however, an LN2 infras-
tructure should already be available on site. Otherwise, 
establishing such an infrastructure would entail signifi-
cant investment. This is because LN2 is typically stored 
in large tanks, and because the liquid has a tempera-
ture of -196 °C, the piping leading to the consumers 
must be very well insulated. These pipes, as well as 
special valves and degassers, are manufactured from 
materials suitable for cryogenic applications. Downs-
tream of the consumers, namely the shellandtube heat 
exchangers that transfer the cooling capacity to the 
heattransfer circuit for the shelf plates, exhaust lines 
must be installed for the now gaseous, climateneutral 

N2 (nitrogen). Whether such installations are economi-
cally viable for an individual project must be assessed 
on a casebycase basis.

Still new: airbased refrigeration technology

air as a refrigerant: An intriguing concept whose 
fundamental principle has been known for more than 
100 years. However, it was only with the innovative re-
frigeration machines developed by the Czech company 
Mirai that this principle could be implemented on an 
industrial scale. The Mirai solution has been available 
on the market for a little more than 10 years, and by 
now, the first wellknown references from the pharma-
ceutical industry are also in place.
A critical step in the aircooling process is, as in other 
refrigeration methods, the compression of the air. An 
operating pressure of 4 to 10 bar is sufficient to initiate 
the cycle. In combination with a watercooled heat 
exchanger, this compression enables the first stage 
of air cooling. Following additional cooling through 
recuperation, the air is expanded in a turboexpander, 
a process that results in a substantial drop in tempe-
rature. In freeze-drying applications, the generated re-
frigeration capacity is then transferred to a circulating 
medium – typically silicone oil. The air is subsequently 
reheated in the recuperator, thereby preparing it for the 
next cycle.
When designing an airbased refrigeration system, se-
veral systemspecific engineering considerations must 
be considered. To offset the inherently lower dynamic cooling capacity of aircycle technology, it is often  

necessary to integrate an additional source of re-
frigeration. This can be achieved, for example, by 
combining two or more airrefrigeration modules, 
which transfer their cumulative cooling capacity to a 
siliconeoil buffer tank. Alternatively, a supplementary 
LN2 system may be incorporated to deliver the high  
dynamic cooling capacities required for certain  
operating conditions.

Lyophilization processes – within the frame-
work of alternative refrigeration technologies

the specific characteristics of each refrigeration 
technology become apparent only when considered 
in the context of the requirements of pharmaceutical 
freeze-drying processes:
At the outset of the process – the freezing phase of 
the drug product – the shelfplate cooling system is 
employed to reduce the product temperature to as low 
as -65 °C in the shortest possible time. Achieving this 
requires operation at high cooling capacity combined 
with exceptionally high dynamic performance. This 
is essential because, in addition to the product itself, 
a considerable amount of stainless steel, including 
the surrounding freeze-drying chamber, must also be 
brought down to the required temperature.

Moreover, several processspecific factors influence the 
required cooling performance. The number of vials per 
batch, the fill volume per vial, and even the heattrans-
fer coefficients all contribute to required performance 
characteristics. Once the initial freezing step has been 
completed, the required cooling capacity decreases 
substantially; minimal power is needed to maintain the 
target temperature within the freeze-dryer. During the 
subsequent sublimation phase, during which ice tran-
sitions directly into vapor under vacuum, the product 
temperature increases in a controlled manner.
On the condenser side, temperatures as low as -70 °C 
must be achieved. Although this cooling process is not 
particularly timecritical, it requires a medium cooling 
capacity sustained over a very long period (primary 
drying). The cooling demand on the condenser side 
results in significantly higher energy and resource 
consumption compared with the cooling requirements 
of the shelf system.
freeze-drying refrigeration systems must be capable of 
delivering high peak capacity and rapid dynamic res-
ponse. However, during approximately 90% of the overall 
cycle they operate in partialload conditions, typically 
at only 10 to 20% of their nominal capacity. Optimized 
partialload performance is therefore a critical factor for 
achieving maximum operational efficiency. 

Digital tools make it possible to tailor  
refrigeration systems even more precisely 
to specific freeze-drying processes.

← 

Types of pharmaceuti-
cals and freeze-drying 
recipes influence, for 
example, the energy 
requirements of pro-
cesses.

→

Are small, medium,  
or large batches  

being processed?  
Batch size is a key  

element of selecting a  
refrigeration system.
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Hybrid and central refrigeration systems  
at a glance

As noted, hybrid systems and central refrigeration 
systems are also configured based on the three re
frigeration technologies. Hybrid systems incorporate 
two different sources of refrigeration to combine spe-
cific advantages or to meet production requirements. 
Central refrigeration systems, in contrast, supply 
multiple freeze-dryers with refrigeration capacity.
For a hybrid system, a cascade or an airbased re-
frigeration system is supplemented with an LN2 
refrigeration system. In this configuration, the LN2 
cooling capacity is used only to cover temporary peak 
demands. For instance, 80% of the required capacity 
may be generated by the cascade or by the airrefrige-
ration system, while the LN2 technology automatically 
supplies the remaining 20% as needed. This configu-
ration provides builtin redundancy, ensuring additional 
operational security should a fault occur in the primary 
refrigeration system during freeze-drying.
Similarly, central refrigeration systems offer consider
able added value in many cases. For example, a 
central refrigeration unit can supply cooling capacity to 
four freeze-dryers at once. This does, however, require 

that the individual freeze-dryers do not operate in the 
same process phase and therefore, are not drawing 
maximum capacity simultaneously. The objective is to 
align the capacity of the central refrigeration system 
in advance with the approximate production schedule. 
If timing for the individual process steps – loading 
and unloading, shelfplate cooling, primary drying, and 
secondary drying – can be spaced out, the central re-
frigeration system will operate with a very stable load 
profile and, consequently, with high efficiency.
The central cooling system requires comparatively 
fewer components. Dominik Hof illustrates this with  
an example, “If four individual freeze-dryers each  
operated with their own cooling system consisting of 
four cooling modules, a total of 16 cooling modules 
would be in use. In a central cooling system, the four 
freeze-dryers could be supplied by just five cooling 
modules while still maintaining the necessary redun-
dancy. This means nine fewer cooling modules, as 
well as fewer components, compressors, and related 
equipment. The result is reduced investment and 
operating costs. Central cooling systems can also be 
implemented using refrigeration technology designed 
for natural refrigerants.”

The three refrigeration technology 
platforms can be combined to  
create hybrid and centralized  
refrigeration systems.

Economic efficiency

Cascade refrigeration 
technology

LN2 refrigeration  
technology

Air-based refrigeration 
technology

Total cost of ownership (TCO):

Small batches
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Large batches
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Environmental protection

Cascade refrigeration 
technology 

Propene (R1270) 
Ethan (R170)

LN2 refrigeration  
technology LN2

Air-based refrigeration 
technology air

Global warming potential  
(GWP-value)

2/6

(The climate impact  
is negligible)

0

(Not climate relevant)

0

(Not climate relevant)

CO2 equivalent + -- +

Cascade refrigeration technology 

Cascade refrigeration technology based 
on natural refrigerants represents a mature 
and highly reliable solution. In recent years, 
Optima has succeeded in making the 
refrigeration modules significantly more 
compact while improving accessibility 
and energy efficiency. Moreover, cascade 
refrigeration, with compressors as their 
primary functional components, offers the 
advantage of globally assured, rapid avai-
lability of spare parts and service support, 
as compressors are widely used across 
numerous industrial sectors worldwide.
With the introduction of a new generation 
of frequency converters specifically desig-
ned for compressors, power consumption 
has been significantly reduced. These new 
frequency converters are the first to fully 
accommodate the unique performance 
characteristics of compressor motors. 
Previously, compressors were effectively 
“artificially throttled” to adjust their output. 
Today, the energy drawn corresponds 
directly to the actual cooling capacity 
required. In addition, through optimized 
control strategies, Optima has succeeded 
in further enhancing the partialload perfor-
mance of the refrigeration technology. This 
has resulted in noticeably more energy
efficient freeze-drying processes overall.

LN2 refrigeration technology

For LN2 refrigeration technology, the direct 
investment costs for the refrigeration 
equipment are very low – provided that 
an LN2 infrastructure is already in place. 
In contrast, operating costs are regarded 
as high, as they are proportional to LN2 
consumption. For small batches and 
low utilization of the freeze-dryers, this 
factor becomes less significant, and such 
scenarios, the system also demonstrates 
considerable flexibility.
It should be noted that LN2 pricing varies 
significantly by geographical location. This 
is influenced, for example, by the distance 
between the LN2 production facility and 
the pharmaceutical site. In turn, inhouse 
LN2 generation, such as from surplus solar 
power, would result in an entirely different 
cost structure.
The technically straightforward and 
spaceefficient LN2 refrigeration technology 
is also characterized by low maintenance 
expenses and low (on-site!) electricity 
consumption.

Airbased refrigeration technology

Airbased refrigeration technology is the  
newest of the three systems. With its latest 
generation of equipment, the manufacturer 
Mirai (Czech Republic) has succeeded in 
significantly increasing the efficiency of 
this technology while also reducing the 
overall footprint of the refrigeration mo-
dules. In a comprehensive cost analysis, 
however, airbased refrigeration remains 
at a disadvantage. Although acquisition 
costs have decreased since the technology 
was introduced to the market, illustrative 
calculations show that it only becomes 
costcompetitive with LN2 systems when 
processing large numbers of batches 
and high batch volumes. It is conceivable 
that, as production volumes increase, the 
manufacturer’s unit costs will continue to 
fall, resulting in lower procurement costs 
for airrefrigeration systems.
Maintenance effort for airbased refrigera-
tion technology is low. The availability of 
the equipment outside Europe, however, 
must be confirmed directly with the manu-
facturer.

A brief review of the systems

With cascade, LN2, and air refrigeration technology, Optima offers 
three sustainable options. Hybrid systems and central refrigeration 
units complete the portfolio.
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capacity is available for the predominant range of 
partialload operation. In such cases, the objective is  
a refrigeration system that is smaller overall, appro-
priately dimensioned, and highly efficient.
Conclusion: The range of available refrigeration 
technologies and alternative refrigerants provides the 
flexibility needed to design systems that precisely 

meet customer requirements. While the selection  
and design processes can be complex, they can be  
effectively managed through a combination of prac
tical experience, system modeling, and advanced 
digital tools. This gives Optima the ability to deliver 
customized, highly efficient refrigeration solutions 
tailored to each customer’s specific needs. 

In-depth consulting:  
customer requirements and modeling

Optima develops every cooling system design based 
on the customer’s specific requirements, considering 
typical production planning, as well as existing freeze-

drying recipes. “Using various calculation models, for 
example, for the specific dynamics of cooling, heating, 
and sublimation rates, we can provide a  

highly accurate overview of the required performance 
and consumption values of future freeze-drying 
processes right at the start of the project,” explains 
Hof. These resulting key figures can then be applied to 
the different refrigeration technology options. On this 
basis, a decision can be made regarding the type of 
refrigeration technology that will best meet the custo-
mer’s individual requirements.

Another advantage: With the help of these calcula
tions and digital tools, the refrigeration system can be 
tailored even more precisely to the specific operating 
requirements of individual processes. For example, 
compressor capacity can be selected based on how 
frequently load peaks occur at the customer’s facility. 
A compressor that occasionally operates at 120%  
of its nominal capacity may, overall, be more energy
efficient than one designed strictly for 100%, as ample 

The centralized refrigeration 
system requires comparatively 
fewer components.

Retrofits for environmentally friendly refrigerants

Retrofits to the refrigeration technology of freeze-drying systems are, 
in principle, highly desirable. Here, the existing refrigeration unit, origi-
nally designed for an environmentally harmful refrigerant, is replaced 
by a new system, including updated controls, while the freezedrying 
chamber and condenser would remain largely unchanged. However, 
the practical challenges associated with implementing such retrofits 
are considerable. As with any project, the technical feasibility and 
economic viability must be evaluated on a casebycase basis. During 
an on-site assessment, Optima will, for example, examine whether the 
existing pipe diameters in the thermal fluid circuits meet the require-
ments of alternative refrigeration technologies.

Digital twins in lyophilization

Until recently, freeze-drying processes were regarded as something of a 
“black box.” Although the fundamental principles were understood, achieving 
the desired outcome, namely, a homogeneous lyophilizate, typically required  
extensive practical experience and numerous test runs. Today, Optima  
provides advanced modeling tools capable of reproducing processes  
with a high degree of authenticity. Based on these models, digital twins of 
customer-specific systems are created, allowing applications such as  
employee training. Another use case is the scaleup of freeze-drying recipes 
from laboratory settings to full production, a process significantly simplified 
using digital twins. Should certain components or spare parts be discon
tinued in the future, a digital twin can also be used in advance to validate 
the performance of alternative solutions. The models are designed to be 
compatible with a range of refrigeration systems.

↑ 

Modeling and digital twins: Freeze-drying 
processes can now be evaluated as early 
as the consulting phase, including detailed 
calculations of consumption and costs.
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Technical support 
expands internationally –	
enabling fast 
on-site assistance

Robust processes are the foundation of every modern 
pharmaceutical manufacturing operation. Even so,  
technical or human errors in fill-finish processes, including 
isolator technology and lyophilization, can result in un
expected production downtime. To ensure customers 
receive expert assistance quickly, Optima Pharma  
established its technical support management (TSM)  
program. Local TSM sites in North America, Asia, and  
Europe, together with centralized expertise, form an  
efficient global support network that delivers fast and 
reliable support whenever it is needed.

 IMPORTANT FOR YOU

	⚪ Technical Support Management provides rapid, 
expert assistance whenever system   technology 
does not perform as intended.

	⚪ Local TSM sites and hubs in North America, Asia, 
and Europe form a cohesive, globally integrated 
TSM network.

	⚪ International TSM hubs deliver immediate support 
for the vast majority of service cases from within 
the same or closely aligned time zone.

	⚪ Three competence centers for filling and closing, 
isolator technology, and freeze-drying provide ad-
ditional support from Germany whenever required.

	⚪ Continuous investment in employee expertise, 
expanding regional presence, and advanced TSM 
tools ensure sustained service quality.
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proven effective even across borders and time zones. A 24/7  
service can also be booked worldwide for complete systems  
or for individual components such as the isolator. In this case, 
experts are available around the clock.

Around-the-clock availability

At the first point of contact with TSM, a support checklist is com-
pleted to describe and narrow down the incident. For root-cause 
analysis, key framework data is collected: format values, recent 
changes to packaging materials or products, previous trouble-
shooting attempts, and more. Photos and videos stored in the 
system also support this process. 
A TSM service ticket is then created. This gives colleagues from 
different departments straightforward access to all information 
related to a service case. It also helps ensure continuity during 
substitutions, for example in cases of illness or vacation. Within 
the international network, it offers fast and systematic exchange 
across time zones. 

Remote support with TSM tools

Ideally, the experts resolve issues remotely. This shortens pro
duction downtime and eliminates both travel time and the need 
for on-site personnel. Depending on the functional unit or machine 
type, TSM experts report that up to 60% of cases can be traced 
back to process, or software-related questions. In these cases, 
the chances are good that no on-site intervention will be required. 
However, an immediate solution is not always guaranteed. If 
changes to the program code are necessary, GMP requires a 
change-control process, which typically takes several days. 
The TSM teams have a range of tools at their disposal to ensure 
the shortest possible response times and lasting solutions in 
every case. The isolator specialists, for example, work with their 
own software test environment. The recently installed test isola
tor, reserved exclusively for R&D and service tasks, is also highly 
valuable. In Mornshausen, the control systems for freeze-drying 
processes can be simulated using digital models. Subsequent 
hands-on tests on real equipment in the production hall then lead 
efficiently to the final result.

→

TSM at Optima offers 
a 24/7 service option. 

This service can be 
booked either for 
complete turnkey 

systems or separately 
for individual system 

components.

System processes can come to a standstill for a wide range of 
reasons. In addition to technical or operating errors, new pharma-
ceuticals or modified drug formulations can also present challen-
ges. Especially in the event of production interruptions, it is essen-
tial that first-level support is immediately accessible. This requires 
a dedicated, highly specialized organization – at Optima, this is 
Technical Support Management (TSM). Within this structure, 
Technical Support documents each incident and works proactively 
with customers to resolve issues swiftly and effectively.
Internationally established locations are in place across North 
America, Asia, and Europe. These sites are staffed by generalists 
and specialists in process engineering, software, electrical sys-
tems, and mechanics. This structure allows Optima to eliminate 
the critical factor of time-zone differences in most cases. Howe-
ver, the demands of complex turnkey systems cannot always be 
resolved entirely at the local level. Therefore, all TSM resources are 
integrated into our global network. The remaining cases that re-
quire coordination across time zones are also handled as quickly 
and professionally as possible within the organization – as the 
following insights illustrate.

TSM locations in the USA and Asia

In the United States, Optima established its TSM team in 2024 
in Knightdale near Raleigh, North Carolina – directly adjacent to 
the “Research Triangle” known for its concentration of leading 
pharmaceutical companies. Support is available not only remote-
ly; technicians can also be dispatched quickly to customer sites 
when needed. The experts handle topics ranging from weighing 
technology to the freeze-drying process, reports team leader 
Friedemann Brinzing. The team is expected to continue growing 
later this year.

The central TSM hub for Asia is located in Seoul, South Korea. 
Established in May 2025, it is led by Sascha Siegle, who brings 
extensive experience in both the Asian market and the pharma-
ceutical industry. To provide the best possible support across the 
AsiaPacific region, the organization is structured in a more decen-
tralized way. Additional local TSM locations have been established 
not only in South Korea but also in Pune and Bangalore (India) and 
in Shanghai (China), with a site in Kyoto (Japan) to follow soon. 
The representative E2joy in Taiwan is also integrated into the TSM 
network. Sascha Siegle describes his role as an interface function: 
Setting the right course, he notes, is a key success factor. A  
central database supports this work by storing information on 
which issues occurred where and how they were resolved. 

Internationally well connected  

Three German TSM teams are the central competence centers 
for filling and closing, containment, and freeze-drying. They are 
located in Schwäbisch Hall, Radolfzell, and Mornshausen. Each 
site brings together process and software experts, as well as 
specialists in mechanics and electronics. In addition, the TSM 
teams collaborate with engineering developers when particular-
ly complex issues arise. Specific members of these specialist 
departments are permanently assigned as dedicated contacts 
for TSM. From Germany, the teams support European systems 
while also assisting North America and Asia. Additional locations 
are situated in France, Italy, and England. Together, they form a 
complete global structure.
The international TSM network creates an efficient combination  
of clear responsibilities, rapid response times, concentrated exper-
tise, and a high degree of flexibility. This structure has  

TSM teams have access to tools that enable 
rapid response times and support the delivery 
of sustainable, long-term solutions.

A high standard of customer

support is built on the expertise

of our TSM team members.
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Mission accomplished?

Technical Support Management for pharmaceutical systems con-
tinues to expand steadily at Optima. The international integration 
of the TSM units, the structured yet highly flexible organizational 
set-up, the strong culture of collaboration, and the company’s on-
going investment in technical expertise collectively generate clear 
value for customers: Rapid response times paired with strong 
problem-solving capability. With these elements in place, key 
milestones have already been achieved, and further development 
is being actively advanced. 

The competence centers frequently collaborate across disciplines 
in turnkey configurations. This occurs, for example, when the  
loading system and the freeze dryer interact, or when the isolator 
and the freeze dryer must be considered together – such as when 
a leak-rate notification reveals that a seal on the freeze dryer, 
rather than on the isolator, is defective.
In cases like this, the close integration within the TSM teams 
proves invaluable. Teams are familiar with one another, provide 
mutual support, and communicate directly. The ticket system  
further strengthens this collaboration: Cases can be linked,  
ensuring that all parties involved are informed without delay.

Keeping expertise up to date

A high standard of customer support relies on the expertise of  
the employees. Optima therefore invests purposefully in deve
loping individual competencies and ensuring that TSM staff 
remain updated in their training and expertise. In the United  
States, for example, each employee follows a dedicated training 
matrix, Brinzing explains.
The locations also maintain regular communication. Siegle  
is in daily contact with the specialist departments in Germany.  
The same applies to Brinzing and his team: Every two weeks, 
scheduled meetings are held with the team leaders in Germany  
to address ongoing topics and cover new technical developments.  
 

Another factor contributing to technically sound customer support 
is the early involvement of the responsible mechanics during the 
FAT of a system, Siegle notes. 

Working across borders 

Cultural backgrounds also play a significant role in international 
collaboration. In both the United States and Asia, expectations for 
rapid technical support and strong service performance are very 
high, as the local TSM managers report. Understanding differen-
ces in communication styles is therefore essential. Polite, indirect 
phrasing – common in the United States – should not obscure 
the fact that an urgent issue is being raised, notes Friedemann 
Brinzing.
Sascha Siegle emphasizes the even greater cultural diversity in 
Asia compared with Europe. This diversity stems from a wide  
range of religious influences, as well as the ideological and politi-
cal perspectives present across individual countries. The cultural 
dimension plays “a very, very substantial role” in daily work,  
another key component of TSM’s success.
Customer feedback is already highly positive, particularly regar-
ding the comparatively young TSM units in the United States and 
Asia. “Customers clearly recognize the improved support,” says 
Brinzing. “The fast response times, in particular, stand out.” Siegle 
reports similar observations from the Asian market, where custo-
mers likewise notice the significantly reduced reaction times.

TSM: fast and competent when it matters

Technical Support Management assumes responsibility for 
system support once the SAT has been successfully com-
pleted. Equipment malfunctions – technical troubleshooting 
– form the core of TSM’s remit. Scheduled maintenance and 
routine service activities, however, do not fall within its scope. 
System modifications are likewise outside the TSM mandate, 
as these tasks are handled by dedicated specialists within the 
organization.

Global presence for greater 

customer proximity – Optima 

locations around the world

↑

Quick on-site support  
whenever needed: Technical 
Support Management (TSM) 
is responsible for technical 
malfunctions. Most issues 
today can be resolved 
remotely.

24/7
available

	 global 
knowledge base
1

60 %
inquiriesof

can be resolved

+100 %
growth of the global 
TSM network
within 24 months

The global 

TSM network
remotely
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 IMPORTANT FOR YOU

	⚪ Turnkey project in Taiwan: The CDMO  
Mycenax has expanded its capabilities 
with a new fill-finish system featuring 
lyophilization, supporting both liquid 
products and lyophilizates.

	⚪ Highly flexible system: The line can 
process vials, prefilled syringes, and 
cartridges.

	⚪ Multiple product paths: Several pro
cessing routes are available, and the 
system supports fully established  
parallel operations.

	⚪ Comprehensive monitoring: A range of 
process and camera-based controls, 
including a ringbuffer recording function, 
ensures process safeguarding and  
documentation.

	⚪ Strong service support: Direct on-site  
service and technical support are  
available in Taiwan and across Asia,  
complemented by additional remote 
support from Germany.

Mycenax	  
and its pursuit of	

“maximum benefit”
Mycenax, a Taiwanese CDMO, has expanded 
its capabilities with a highly flexible fill-finish 
system including isolator and freeze-drying. 
The new system supports multiple product  
pathways, some of which can operate in  
parallel. The Optima system processes vials, 
as well as prefilled syringes and cartridges.

→

Automated process controls 
and integrated electronic 
production reports are part  
of the system.
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Flexible integration of lyophilization

In contrast, vials are transferred to a linear transport 
system. A robot equipped with vacuum grippers re
moves entire rows of containers, while individual vials 
that fail inspection criteria are rejected at this stage. 
Only vials that have passed all checks proceed onto 
the linear transport, which then directs them either to 
the crimping station or to the lyophilization process.
Vials destined for lyophilization are transferred to the 
Optima freeze-dryer, which is equipped with a 10 m² 
shelf area and a fully automated loading and unloa-
ding system. While the lyophilization cycle is running, 

Mycenax can continue processing prefilled syringes, 
cartridges, or liquidfilled vials in parallel. 
All vials proceed to the crimping station for final closure, 
followed by downstream process controls. Here, the 
system verifies the correct stopper height and checks 
for the presence of crimp caps. Vials that meet all 
inspection criteria are then placed into trays and loaded 
into magazines.
Another option: While vials that are discharged from  
the freeze-dryer, are crimped, Mycenax can use the 
product path for prefilled syringes and cartridges simul-
taneously, for filling and closing.

The Mycenax portfolio encompasses formulation, 
manufacturing, aseptic filling and closing, and lyophi-
lization. With the new Optima system, the CDMO now 
offers commercial fill-finish capacity of up to 100,000 
containers per batch, with an annual volume of 100 
batches, at its Zhunan (Taiwan) facility.
A defining advantage 
of the new Optima 
system lies in its in-
novative layout, which 
allows several easily 
configurable product 
paths to maximize 
equipment utilization. 
Select pathways can 
even be used concurrently. This flexibility is made pos-
sible through modular machine and isolator segments 
specifically engineered for seamless reconfiguration.

Flexibility boosts overall output 

optima delivers complex turnkey system layouts. 
Interdisciplinary teams coordinate filling and closing 
technologies, isolator systems, and lyophilization from 
the initial design phase to on-site installation.
Lyophilization cycles can take several days depending 
on the formulation. For Mycenax a key advantage of 
the new system is the ability to run fill-finish operations 
in parallel with freeze-drying. While one batch is under-
going freeze-drying, Mycenax can continue filling and 
closing liquid pharmaceuticals in vials, prefilled syrin-
ges, or cartridges. Even during freezedryer unloading 
and vial crimping, the system remains fully available 
for parallel processing, allowing simultaneous filling 
and closing of prefilled syringes or cartridges.

Continuous monitoring of product quality

readytouse (RTU) containers supplied in sealed tubs 
are processed. Initially, an outer protective film is 
removed semiautomatically. All subsequent process 
steps are fully automated, including robotassisted 
removal of the Tyvek® lid from the tub.

Within the isolator, peristaltic 
pumps deliver highly precise 
dosing while achieving strong 
throughput relative to the 
system’s compact footprint. 
For vials, the fill volume ranges 
from 0.5 ml to 50 ml. Statis-
tical inprocess control (IPC) 
monitors fill weights to ensure 

accuracy. To do this, a defined sample is automati-
cally removed from the nest and weighed before and 
after filling to determine the net fill weight for each 
container and each filling station. If the control system 
detects any deviation toward overfilling or underfilling, 
it automatically adjusts the dosing parameters, conti-
nuously aligning the process with the target fill weight.
During the subsequent stoppering process, Mycenax 
can tailor the recipe-based approach to meet the spe-
cific requirements of each formulation. Depending on 
customer needs, the system can apply a controlled va-
cuum during stoppering, or it can place lyostoppers on 
the containers – without inserting them fully – when 
preparation for lyophilization is required. Sensors verify 
the correct positioning of each stopper, while additio-
nal monitoring systems check the vacuum level during 
closing and measure the attained negative pressure.
Depending on the product and container type, pro-
cessing paths diverge at this stage. For syringes and 
cartridges, the sequence concludes here, and the tubs 
are transferred out of the system. 

During vial closing, 
as well as during the 

closing of prefilled 
syringes or cartridges,  

a vacuum can be  
applied. Sensors 

monitor the achieved 
negative pressure, while 

additional sensors ver-
ify the correct position 

of each closure.

→

Fully automated loading 
and unloading of the 
Optima freeze-dryer. 
While lyophilization is 
in progress, the system 
can continue filling and 
closing vials, prefilled 
syringes, or cartridges 
simultaneously.

←

↑

Nested RTU containers 
are processed, begin-
ning with automated 
unpacking at the start 
of the line.

Mycenax can use  
various product 
paths concurrently. 
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Turnkey and on-site service 

With Optima as its turnkey partner, Mycenax has 
significantly minimized potential project risks. Serving 
as the single point of contact, Optima assumed full 
responsibility for all integrated systems. The turn-
key approach unified specialist expertise, enabling a 
compact, complex system layout that delivers clear 
economic benefits.
In the event that service is required, Mycenax can rely 
on Optima’s wellestablished service network throug-
hout Asia, which has grown significantly in recent 
years. Subsidiaries in South Korea, Japan, and India 
provide expanded service capacity and rapid technical 
support. In Taiwan, Mycenax’s home country, Optima 
maintains a long-standing and close partnership with 
its representative, E2JOY. The local team is trained ex-
tensively on Optima equipment and brings specialized 
expertise in fill-finish operations, isolator technology, 
and lyophilization. One E2JOY specialist supported 
system commissioning and media fills directly onsite 
at Mycenax – and continued providing handson as-
sistance for an additional three months, offering daily 
support for all systemrelated tasks.

International teamwork

From the outset, Mycenax was closely and collabora-
tively involved in the project. Beginning in the design 
phase, company representatives were regularly on site 
at Optima in Schwäbisch Hall. The iFAT (integrated 
Factory Acceptance Test) for the filling and closing line 
with isolator and the connected loading system was 
also accompanied by Mycenax. Later, at the Taiwan 
site, Optima and Mycenax worked together to prepare 
the movein concept, ensuring a smooth and wellcoor-
dinated installation process.
For Mycenax’s international customer base, the 
Optima turnkey system undergoes inspection not only 
by local regulatory authorities but also by Japanese, 
American, and European agencies in accordance with 
GMP.  The facility is scheduled to begin GMP-com
pliant operations in 2027. 

When service is required,  
Mycenax relies on Optima's 
service network in Asia.

←

Mycenax’s “GMP plant 2”: home to 
the highly flexible filling and closing 
system, including lyophilization.

The crimping process 
can be controlled inde-
pendently of an ongoing 
lyophilization cycle – 
one of several options 
that allow parallel use 
of the system.

←

Monitoring: cameras provide  
additional safety 

to maximize process reliability, all mentioned process 
controls are integrated with a highspeed camera sys-
tem. This system continuously records and temporari-
ly stores the processing sequence. If any control point 
detects an error or a deviation from defined tolerances, 
the corresponding segment is automatically saved 
permanently.
In case of any uncertainty, both process deviations 
and operator interventions can be reviewed retro-
spectively. For required rejections, this allows deci-
sions to be made with greater precision, minimizing 
the amount of product discarded and ensuring full 
GMPcompliant documentation. In addition, technical 
rootcause analyses can be performed more efficiently, 
reducing the time needed to identify issues and re
sume production.

Well organized: from lyophilization 
to data integrity

Particular attention was given to the layout of the freeze-
dryer’s technical area. The technical and service zone 
is located on the same level as the freeze-dryer but is 
physically separated. Access is provided exclusively 
through a dedicated entrance, ensuring that servicing 
activities never intersect with aseptic operations. All 
technical components, as well as the service door  
located on the rear of the freeze-dryer, are easily  
accessible from this area.
Another key advantage of the fill-finish system is its 
integrated electronic production report. This feature 
ensures absolute data integrity throughout the entire 
manufacturing process by providing automated,  
tamper-proof documentation. By digitizing the pro
duction record, manual errors are eliminated. This  
guarantees that every batch meets the highest  
regulatory standards for transparency and traceability.

Presence check required 
for vials. Given the wide 

range of formats that 
Mycenax processes, the 
corresponding process 

controls must be capable 
of rapid and precise 

adaptation.

↓

Cameras keep every
thing in view. Recordings 

are stored permanently 
only in the event of  

system errors or opera-
tor interventions.

→
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