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A B S T R A C T 
 
What is the impact of leading-edge innovative developments on the process analytical technology field for 
pharmaceutical systems and aseptic manufacturing processes? This case study brings us close to the state-
of-the-art PAT tools designed for the pharmaceutical process control and monitoring and show how their 
integration helps the user to have better insights and control of all the process. 
 

 
 
Challenge 
 
To get insights of their critical manufacturing processes 
to enhance uniformity of batches, reducing variability 
and thus minimizing rejects or over processing. 
Knowing the detail of the composition of the gas in a 
freeze drying chamber, or the quality of the steam in 
an autoclave, precise and accurate control of pressure 
in a lyo chamber or real time microbial detection inside 
an ISO 5 isolator are some examples of process 
insights necessary for the continuous control of critical 
processes in modern aseptic production facilities.  
 

Solution 
 

Telstar in its commitment to help in solving aseptic 
processes challenges has developed in collaboration 
with several partners a package of instruments to be 
used as PAT tools for different aseptic processes: 
 
 Continuous vacuum monitoring with maximum 

reliability and accuracy. 
 
 Continuous wireless product temperature 

monitoring. Especially focused for freeze dryers 
with automatic loading systems. 

 
 Real time microbial detection for ISO 5 

environments or WFI water.  
 
 In-Line device for visualizing and quantifying 

steam quality: dryness and degree of superheat. 
 
 

Results 
 
 

 Continuous pressure (vacuum) monitoring in a 
freeze dryer with maximum accuracy without 
significant zero shift due to the cycling between 
vacuum and overpressure cycles. 

 

 Wireless continuous product temperature monitoring 
for freeze dryers. The only viable alternative of 
product temperature monitoring in systems with 
automatic loading and unloading systems. 
Integrated into the freeze dryer control and data 
acquisition system (SCADA). 

 
 Continuous, real time monitoring for microbial 

contamination inside the classified area or 
pharmaceutical grade waters. The system is capable 
of simultaneously detecting both size and intrinsic 
fluorescence of airborne particulates-screening for 
biologic particles as small as 0.5 microns. Improved 
sterilization results by continuously monitoring in line 
the steam quality. The steam dryness and degree of 
superheat are controlled in real time without the 
need of taking samples and analysing them offline in 
the lab. 

 
Case 1: Maximum reliability and repeatability 
during the continuous pressure monitoring in a 
freeze dryer 
 
The most common way to monitor the pressure during 
freeze drying cycles is using Pirani or/and capacitive 
pressure gauges. The measurement principle is different 
between them; the pirani reading is influenced by the gas 
composition whereas the capacitive gauge is not. One 
common issue with capacitive gauges is the zero drift after 
several cycles. Particularly in freeze dryers being sterilized 
after every cycle, the continuous shift between vacuum 
and pressure makes the zero-drift significant. This effect is 
obviously an issue for those products that require an 
accurate vacuum control where a minimum deviation from 
the set point could generate the irreversible damage of the 
product. 
 
Most customers using conventional capacitance gauges do 
recalibration or replacement activities every 6 to 12 
months to ensure that the sensors stay inside the 
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acceptable accuracy criteria. Commonly sterile 
production freeze dryers have from 2 to 4 gauges 
each.  
 
The proposed solution was to use a capacitive vacuum 
sensor developed by Azbil, the SPG7, which is based 
on the use of sapphire, which has excellent 
mechanical strength and makes the sensor less 
susceptible to this type of stress. 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
When the SPG7 sapphire capacitance diaphragm 
gauge is in its normal mode, a 3-second press of a 
button adjusts the zero point. There is no need to 
adjust the zero point using a precision screwdriver. 
The adjustment range allows long 
replacement/calibration intervals and lower running 
costs. 
 
Telstar replaced 10 conventional sensors with azbil’s 
new SPG7 for a customer producing vaccines with 5 
freeze dryers of 30 m2 each. The customer went on 
with the scheduled recalibration activities every 6 
months. Now the SPG7 is the Telstar’s standard for 
capacitance vacuum gauges. 
 
 
 
 
 
 
 
 
 
 
 
 

Case 2: Continuous product temperature 
monitoring in freeze drying. How to use 
temperature sensors when scaling up production in 
equipment with automatic loading systems? 
 
To monitor the product temperature during production 
batches or especially when scale-up or optimization 
activities are carried out is of outmost importance, but it 
really becomes a difficult operation when the freeze dryer 
is equipped with automatic loading and unloading devices, 
something becoming the standard for new equipment. 
 
The number of units with automatic loading and unloading 
systems is growing exponentially to a point where about 
80% to 90% of the new equipment for sterile applications 
uses them. On top of that most of the modern lines use 
either RABS or isolators. Under these conditions the 
traditional approach of adding manually product sensors 
once the freeze dryer was fully loaded is no longer 
possible. 
 
In this case, a CDMO with 3 fully automatic aseptic lines 
capable of producing both liquid and freeze-dried products 
had a contract for producing a product in 2R vials. His 
customer requested to extend the production also with 4R 
and 6R vial. Following the tests in the lab they needed to 
validate the cycles in the production equipment. 
 
To make this possible, one of the lines was upgraded with 
wireless temperature sensors. There are several 
manufacturers of this type of devices with different 
technologies, from quartz-based crystal systems to battery 
powered sensors where a dummy vial needs to be used to 
place the battery and the electronics of the system. In this 
particular case Telstar choose the wireless sensors from 
Tempris. The sensors reading were fully integrated in the 
machine SCADA system. 
 
At this point the biggest challenge was to introduce and 
retrieve automatically the sensors into the line without 
human intervention. To solve this issue the Telstar 
Lyogistics Smart R3 was developed. The device is placed 
between the filling line and the Freeze dryer for loading 
operations and between the Freeze dryer and the capping 
machine for unloading operations. 
 
Among other components the device features a camera 
and a sequencing device. This allows programming the 
automatic introduction of previously prepared vials with 
the wireless temperature sensors into predefined locations 
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inside the plates of the freeze dryer. In the same way 
during unloading the system is capable of detecting 
the vials with the wireless sensors and retrieves them 
before going into the capping machine. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Case 3: Microbial Detection. From traditional 
off-line monitoring to real time detection 
 
Continuous manufacturing and in line control are 
conquering more fields in the pharmaceutical industry 
in order to ensure alignment of the aseptic 
manufacturing process and product quality. 
 
Microbial analysis in classified areas is necessary and 
to do it in accordance with the traditional methodology 
causes one to consider certain times in the planning of 
the process with the aim of leaving the working areas 
ready to use. 
 
In this case a European CMO was using Tryptone Soya 
Agar (TSA) to monitor microbiology in his cleanrooms. 
After several days of incubation to ensure the growth 
of the colonies and to be able to observe them visually, 
he could determine the situation of the facilities. 
However, the alarm went off when they detected that 
a percentage of microorganisms found in the 
manufacturing area did not necessarily grow in the 
environment and incubation conditions recommended 
in the procedures advised by pharmacopeia. If for 
some reason they are provided with the optimal 
environment and conditions, some microorganisms 
may grow. 
 
After several studies, Telstar prepared a program to 
improve environmental monitoring with the goal to 

obtain an exact quantity and quality of the microorganisms 
present in one of the manufacturing areas. 
 
A BioVigilant IMD-A was introduced. This device based on 
the application of laser-induced fluorescence technique is 
capable of determining –instantaneously and in real-time– 
particulate size and biological status simultaneously. 

 
The equipment was placed in the clean room and for 15 
days the room was closed at rest. On day 16 a couple of 
operators walked into the room, walked around for 1 
minute and then left the room. The room continued to be 
closed for another 10 days and on day 27, the operators 
repeated the same operation. 
 
 
 
 
 
 
 
 
 
 
 
 
The logbook shows the time of the actions and 
demonstrates the capability of real time monitoring to 
detect over a long and clear baseline the impact of only 1 
min operator action. 
 
The system, that allows count samples per litre or cubic 
foot, synchronizes biologics/inert particles data and video 
file and data can be exportable by csv format for 
customized data process and analysis. This is always CFR 
Part 11 compliant. 
 

Case 4: Dry steam or Wet steam? In-Line Device for 
monitoring and quantifying steam Dryness and 
Degree of Superheat 
 
Sterilization processes and pure steam production can be 
optimized by continuous monitoring of steam dryness. 
 
The solution proposed by Azbil replaces the traditional 
point of use steam sample valve by an in-line sensor build 
in the steam supply piping. The photometric steam 
analyzer is designed to measure the dryness condition of 
pipe steam flow. The meter is calibrated based on Beer’s 
law which relates the absorption of light to the density of 
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the material through which it is propagated. It uses 
near infrared (NIR) absorption at two wavelengths and 
steam temperature to determine if the steam flow is 
saturated or superheated. 
  
The customer boiler does not generate 100% 
saturated steam, dry steam. The reason is because 
when the steam boiler heats up water, the bubbles pull 
tiny water droplets in with the steam. This 
phenomenon causes the steam supply to become wet, 
wet steam. 
 
Depending on the steam condition when it arrives at 
the autoclave, the energy consumption per cycle, the 
cycle duration, and thus the cycle repeatability is 
difficult to control.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The use of an in-line sensor allows not only to monitor 
the condition of the piping minimizing the energy lost 
during transport but also helps in the continuous 
monitoring of the pure steam generators reducing 
energy consumption, improving the overall efficiency 
and reducing the quality issues in the autoclaves. 
 
Customer feedback 
 
The projects where PAT tools have been implemented 
have been a huge success for both the customer, 
pleased with the performance and the results, and us. 
Truly outstanding cooperation between the customer 
and Telstar has led to peak performance in the 
customer’s plant. 
 
 
 
 
 

These projects have shown us how by understanding the 
customers’ needs results in a mutual trust and confident 
relationship. The result is the satisfaction for all the 
process chain from supplier to final user. 
 
- Maintenance Supervisor. Freeze dried products 
 

“The times of re-calibration of the vacuum capacitive 
gauge every 6 months are over. The reliability of Azbil’s 
SPG7 capacitive sensor is outstanding. No zero drift after 
two years of operation with two sterilization cycles per 
week has been observed. For this reason the re-calibration 
period has been extended to two years by now.” 
 
- Operations Supervisor. CMO sterilization products  
 

“The placement of the wireless temperature sensors is 
easy, and the operators barely spend time on that action. 
The flexibility to adapt to the new loading system is an 
advantage. Loading time now has been dramatically 
reduced and follows the norm, allowing us to continually 
monitor the temperature is a real fact that before, we 
thought was impossible” 
 
- Plant Manager. Surgical devices manufacturer 
 

“Since introducing the device for visualizing and 
quantifying steam quality in real time as a pilot test, we 
are able to feed back that info into our pure steam 
production equipment improving the steam quality. This 
has reduced cycle times in our sterilization equipment in 
up to 20% in some cases. 
 
 
Conclusion 
 
In today’s pharmaceutical manufacturing facilities, it is a 
must to know and understand process insights in real time. 
The times of off-line variables control are over. Modern 
production facilities cannot afford to control and monitor 
what happened in the past as the case might be by the 
traditional offline methods. By then it is too late. The 
product is already out of the design space and needs to be 
put in quarantine in the best of cases, with the 
corresponding implications. Engineering departments 
need to put all efforts place to control all critical variables 
in real time and close the loop to adjust the inputs 
upstream. It is not an option not to go in this direction.   
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Telstar’s Lyophilization Technology Specialist  
 

Need more information? Please, contact us: pr@telstar.com 
From Telstar we express our gratitude for your interest and your feedback  

 

Ángel Díez, Lyophilization Technology Specialist at Telstar, holds an MEng in 
Industrial Chemical Engineering from the “Universidad de Valladolid (UVa)” Spain. In 
his senior year, he was collaborating as an intern at the Laboratory Sciences and 
Equipment Department at Azbil Telstar Technologies. After graduating, he became a 
full-time member of the department working in freeze drying process development as 
well as the R&D Department as a Process Engineer. Since 2015, Ángel has been 
a Lyophilization Technology Specialist, participating in a wide variety 
of projects, leading technical improvements and standardization of the freeze drying 
products range related to the Life Science industry. Currently Ángel is focused on 
offering technical support to the Sales Team and Product Managers at Telstar. 

 
 
 
 

About Telstar 
 
Telstar, part of the azbil Group, is a company specialized in the development of engineering & 
construction projects, integrated process equipment and GMP consultancy solutions, including turnkey 
projects and critical installations, for companies associated with Life & Health Sciences (pharmaceutical 
& biotechnology, healthcare, cosmetic, veterinary and food & beverage industries, hospitals, laboratories 
& research centers). Acknowledged as one of the 10 major suppliers for the pharmaceutical industry, 
Telstar is one of the few international manufacturers able to offer integrated process solutions for the 
biopharmaceutical industry with in-house sterilization, freeze drying, containment, process water & 
waste treatment, clean air and cold storage technologies. 
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