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A practical guide to data analytics for pharma development, covering the reader
intent, the relationship to data analytics for pharma development, key evaluation
criteria, common risks, and the information the intended project audience should
confirm before taking the next step.
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In the modern pharmaceutical landscape, the transition from laboratory-scale
research to full-scale commercial production is increasingly driven by digital
transformation. Central to this evolution is the implementation of advanced data
analytics for pharma development. While much of the discussion surrounding
pharmaceutical analytics focuses on bioinformatics or clinical trial modeling, the
physical layer of data acquisition—specifically the precision measurement of fluids,
reagents, and active pharmaceutical ingredients (APIs)—forms the essential
foundation for process analytical technology (PAT).

For engineers and process managers, the ability to collect high-fidelity data from
reactors, buffer tanks, and storage vessels is the first step in building a robust
analytical framework. This article explores how industrial level measurement
technologies provide the critical inputs necessary for data analytics in
pharmaceutical development and provides a guide for selecting the right
instrumentation to ensure data integrity and process efficiency.

Measurement Principles in Pharmaceutical
Environments

Before data can be analyzed, it must be accurately captured. In pharmaceutical
development, where batch values can reach millions of dollars, the margin for
error is non-existent. Welk provides several core technologies that serve as the
primary data sources for process analytics.

|Radar Level Measurement (FMCW)

Radar technology, particularly Frequency Modulated Continuous Wave (FMCW), is
the gold standard for high-precision pharma applications. Operating at frequencies
such as 80GHz, these sensors emit a continuous signal that sweeps across a
frequency range. The difference in frequency between the emitted and received
signal is proportional to the distance.

In the context of data analytics for pharma development, 80GHz radar offers a
narrow beam angle (often as low as 3 degrees). This allows the sensor to avoid
internal obstructions like agitator blades and baffles, providing a clean, noise-free
data stream that requires minimal filtering before being processed by analytical
software.
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| Ultrasonic Level Sensors

Ultrasonic sensors measure the time-of-flight of sound waves. While cost-effective,
they are primarily used in auxiliary pharmaceutical processes, such as wastewater
treatment or large-scale buffer storage. Because sound velocity changes with air
temperature and vapor concentration, these sensors are less suited for
high-precision reactor monitoring where chemical vapors are present, but they
remain vital for holistic facility data management.

| Hydrostatic Pressure Transmitters

Hydrostatic sensors measure the pressure exerted by a liquid column. In
pharmaceutical development, these are often used in vented vessels or
small-scale pilot plants. By correlating pressure with liquid density, engineers can
derive mass-based data. This is particularly useful for analytics models focused on
mass balance and yield optimization during the synthesis of APIs.

| Magnetic Level Gauges and Switches

Magnetic gauges provide both a visual indication and a continuous electronic
output via a reed chain or magnetostrictive transmitter. In bulk chemical storage
for pharma plants (e.g., solvents like ethanol or acetone), these instruments
provide redundant data points that ensure safety and inventory accuracy, which
are critical components of supply chain analytics.

| The Role of Data Analytics for Pharma Development

Data analytics for pharma development involves the systematic computational
analysis of data to improve drug formulation and manufacturing processes. The
data generated by level meters is utilized in several key areas:

1. Batch Consistency and "Golden Batch" Modeling: By analyzing the level and
volume trends across hundreds of batches, analytics platforms can identify the
ideal process profile (the Golden Batch). Precise level data ensures that charging
rates and mixing volumes are identical every time.
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2. Scale-Up Predictive Modeling: Moving a process from a 10-liter lab vessel to a
2,000-liter production fermenter requires complex modeling. Accurate level
measurement during pilot phases provides the empirical data needed to validate
these scale-up models.

3. Real-Time Yield Optimization: By integrating level data with flow and
temperature inputs, data analytics platforms can calculate real-time yields,
allowing operators to make adjustments mid-batch to prevent product loss.

4. Predictive Maintenance: Modern level transmitters provide diagnostic data, such
as signhal-to-noise ratios and electronics temperature. Analytics tools use this
information to predict sensor failure before it occurs, preventing costly downtime
during a critical fermentation cycle.

To explore the full range of sensors that support these digital initiatives, you can
visit our Main Page for detailed technical specifications.

Engineering Selection Criteria for Pharma
Applications

When selecting instrumentation to support data analytics for pharma development,
engineering teams must look beyond basic accuracy. The following criteria are
essential for maintaining data integrity in a regulated environment:

Sanitary Design: Instruments must feature Tri-clamp or other hygienic connections.
Wetted parts should be made of 316L stainless steel or high-grade plastics like
PTFE or PFA. Surface roughness (Ra) should typically be less than 0.8 um to
prevent bacterial growth.

CIP/SIP Compatibility: Sensors must withstand Clean-in-Place (CIP) and
Steam-in-Place (SIP) cycles, which often involve temperatures up to 135°C (275°F)
and aggressive cleaning agents. Data analytics models often monitor these cycles
to ensure sterilization efficacy.

Communication Protocols: To feed analytics engines, sensors should support digital
protocols such as HART, Modbus, or Profibus. These protocols allow for the
transmission of secondary variables and diagnostic data, not just a simple 4-20mA
level signal.
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Precision and Repeatability: For R&D scale-up, a repeatability of £1mm or better is
often required to ensure that the data fed into the analytical models is reliable.

| Selection Table: Level Measurement Technologies

Technology Typical Best Pharma Sanitary Data Analytics
Accuracy Application Suitability Value
80GHz Radar =1 mm Reactors, Excellent High: Clean
Fermenters, API (Non-contact) signal,
Synthesis diagnostic data
Ultrasonic +0.25% of Buffer storage, Moderate Medium:
range Waste water Inventory
tracking
Hydrostatic +0.1% of span Small vessels, Good (Flush High: Mass
vented tanks diaphragm) balance

calculations

Magnetic Gauge =5 mm Solvent storage, Moderate Medium:
bulk utilities Redundancy &
safety

| Installation Considerations and Best Practices

Proper installation is critical to ensure that the "data" in data analytics for pharma
development is actually representative of the process state.

1. Nozzle Geometry: For radar and ultrasonic sensors, the nozzle height and
diameter must be chosen to avoid signal interference. In pharma vessels, nozzles
are often small; 80GHz radar is preferred here due to its narrow beam.

2. Agitator Interference: Many pharma reactors have complex mixing systems.
Sensors should be mounted in a position where the beam path does not intersect
the agitator shaft or blades. If this is unavoidable, software-based "false echo
suppression" must be used to clean the data.

3. Vapor and Condensation: In fermentation, high humidity and condensation on
the sensor face are common. Selecting a sensor with a PTFE drip-off antenna or a
flush-mounted design helps maintain signal strength and data continuity.
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4. Dead Zones: Every top-mounted sensor has a "dead zone" or "blocking
distance" near the top of the tank. In small-scale pharma development, where
every milliliter counts, selecting a sensor with a minimal dead zone is vital for
accurate data at high fill levels.

| Limitations and Challenges

While data analytics for pharma development offers immense benefits, there are
technical limitations to the hardware providing the data:

Foam Interference: Heavy protein-based foam in fermenters can absorb ultrasonic
and radar signals. In these cases, specialized signal processing or the use of a
stilling well may be required to maintain data accuracy.

Low Dielectric Constants: Some pharmaceutical solvents have very low dielectric
constants (er), making them difficult for radar to detect. High-sensitivity radar
modules are necessary to ensure the sighal-to-noise ratio remains high enough for
analytical processing.

Vacuum Conditions: High vacuum used in solvent recovery can affect the
propagation of ultrasonic waves, though it does not impact radar or hydrostatic
Sensors.

|Frequent|y Asked Questions (FAQs)

Q1l: How does 80GHz radar improve data analytics compared to older 26GHz
models?

Al: 80GHz radar has a much narrower beam and higher resolution. This results in
fewer "false echoes" from tank internals and a more stable signal. For data
analytics, this means less pre-processing of data and higher confidence in the
real-time volume calculations.

Q2: Can level meters help with FDA 21 CFR Part 11 compliance?
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A2: While the sensor itself is a hardware device, the digital data it provides (via
HART or Modbus) includes timestamps and unique identifiers. When integrated into
a compliant SCADA or Historian system, this data forms a critical part of the
electronic record required for regulatory audits.

Q3: Is hydrostatic pressure better than radar for measuring mass?

A3: Hydrostatic pressure measures the weight of the liquid column directly. If the
analytics model is focused on mass (e.qg., for dosing by weight), hydrostatic is often
more direct. However, if the density of the fluid changes during the reaction, radar
(measuring volume) combined with a separate density meter may be more
accurate.

Q4: What is the impact of CIP cycles on sensor lifespan?

A4: Pharmaceutical-grade sensors from Welk are designed for thousands of CIP/SIP
cycles. However, the thermal shock can eventually affect electronics. Data
analytics for pharma development often includes "health monitoring" of these
sensors to schedule replacements during planned maintenance windows.

| Conclusion

The success of data analytics for pharma development is inextricably linked to the
guality of the instrumentation installed on the factory floor. By choosing the
correct level measurement technology—whether it be high-frequency radar for
complex reactors or hydrostatic transmitters for mass balance—engineering teams
can ensure that their analytical models are built on a foundation of precision and
reliability. For more information on selecting the right industrial level meters for
your application, please Review product options and application support on our
official site.
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