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In the current industrial landscape, the transition toward a low-carbon economy is
driven by both regulatory mandates and the global necessity to mitigate climate
change. Decarbonization technologies encompass a broad spectrum of
engineering solutions designed to reduce, capture, or eliminate carbon dioxide
(CO2) and other greenhouse gas emissions from industrial processes. For sectors
such as chemical processing, oil and gas, and power generation, implementing
these technologies requires a fundamental shift in process control and monitoring.

Accurate level measurement is a critical component in the successful deployment
of decarbonization technologies. Whether managing the liquids in a carbon capture
unit, monitoring feedstock in a biofuel plant, or ensuring the safety of hydrogen
storage, precise instrumentation is required to maintain efficiency and safety. This
article explores the technical requirements of level measurement within the
context of modern decarbonization efforts.

| The Role of Level Measurement in Decarbonization

Decarbonization is rarely a single-step process; it involves complex chemical and
physical transformations that must be monitored closely. Level measurement
instruments provide the data necessary for automation, inventory management,
and overfill prevention in several key areas:

|Carbon Capture, Utilization, and Storage (CCUS)

CCUS involves capturing CO2 from industrial flue gases before it enters the
atmosphere. This process typically uses chemical solvents like amines in
absorption towers. Level sensors are required to monitor the levels in the absorber
and regenerator columns, as well as the storage tanks for the captured CO2.
High-pressure liquid CO2 storage presents unique challenges, as the fluid must
remain in a stable state, requiring instruments that can withstand high pressures
and low temperatures.
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| Green Hydrogen Production

Hydrogen is a cornerstone of many decarbonization strategies. Green hydrogen is
produced via electrolysis, where water is split into hydrogen and oxygen using
renewable electricity. Level measurement is essential in the water feed systems
and the separators where gas and liquid are divided. Because hydrogen is highly
flammable and often stored at extreme pressures, the instrumentation must meet
stringent explosion-proof and high-pressure ratings.

| Biofuels and Waste-to-Energy

The production of biofuels from organic waste involves fermentation and
distillation processes. These environments often involve agitated liquids, foam, and
varying vapor compositions. Level measurement ensures that reactors operate at
optimal volumes, maximizing yield and preventing process upsets.

| Core Measurement Principles

Before selecting an instrument for decarbonization applications, it is essential to
understand the underlying physical principles of different level measurement
technologies. Each has specific strengths and limitations depending on the media
and environmental conditions.

|Radar Level Measurement (ToF)

Radar level meters operate on the Time-of-Flight (ToF) principle. They emit
high-frequency electromagnetic waves (typically in the GHz range) that reflect off
the surface of the medium.

Non-Contact Radar: These are ideal for corrosive or high-temperature liquids
common in carbon capture. Since the sensor does not touch the media,
maintenance is minimized. They are highly accurate regardless of changes in
density or pressure.
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Guided Wave Radar (GWR): GWR uses a probe to guide the signal to the liquid
surface. This is particularly effective in applications with low dielectric constants,
such as liquid CO2 or certain hydrocarbons, where a standard radar signal might
be too weak.

| Ultrasonic Level Sensors

Ultrasonic sensors emit sound pulses that reflect off the liquid surface. The time
taken for the echo to return determines the distance. These are cost-effective
solutions for water treatment and open-channel flow monitoring within
decarbonization plants. However, they are sensitive to air temperature, pressure
changes, and heavy foam, which can absorb the sound signal.

| Hydrostatic Level Transmitters

Hydrostatic measurement relies on the principle that the pressure at the bottom of
a vessel is proportional to the height of the liquid column above it ($P = \rho gh$).
These transmitters are robust and simple to install. They are frequently used in
vented tanks for water or chemical storage, provided the density of the liquid
remains relatively constant.

| Magnetic Level Gauges

Magnetic gauges utilize a float containing a magnet that moves with the liquid
level inside a bypass chamber. This movement triggers a visual indicator or a
remote transmitter. These are preferred for high-pressure and hazardous
applications because the fluid is completely contained within a pressure-rated
chamber, providing a physical barrier between the process and the environment.

|Selection Criteria for Decarbonization Applications

Choosing the right instrument requires a detailed analysis of the process
conditions. The following table provides a comparison of common technologies
used in decarbonization projects.
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Technology Accuracy Pressure Temperature| Suitability Cost
Range Range for Foam

Non-Contact 2 mm Up to 160 -40°C to Moderate High

Radar bar +450°C

Guided +2 mm Up to 400 -200°C to Excellent High

Wave Radar bar +450°C

Ultrasonic +0.25% ES Atmospheric -40°C to Poor Low

+80°C
Hydrostatic *+0.1% FS Process -40°C to Excellent Moderate

Dependent +120°2C

Magnetic +5 mm Up to 320 -196°C to Excellent Moderate
Gauge bar +450°C

For comprehensive technical specifications and to explore specific models suitable
for industrial automation, engineers should Review product options and application
support at the Welk Main Page.

| Engineering and Installation Considerations

Successful implementation of decarbonization technologies depends on proper
installation and commissioning of level instruments. Engineers must account for
several factors to ensure long-term reliability.

| 1. Media Characteristics

In CCUS, the dielectric constant of the liquid can change as CO2 is absorbed into
the solvent. This affects the signal strength of radar devices. Similarly, in hydrogen
production, the extremely low density of liquid hydrogen requires specialized floats
for magnetic gauges or high-sensitivity radar probes.
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| 2. Vessel Geometry and Internal Obstructions

Many industrial reactors contain agitators, heating coils, or baffles. For non-contact
radar, a "clear path" is required to avoid false reflections. If obstructions cannot be
avoided, software-based false echo suppression or the use of a Guided Wave
Radar (GWR) with a coaxial probe may be necessary.

| 3. Mounting and Nozzle Design

The height and diameter of the mounting nozzle can impact the performance of
ultrasonic and radar sensors. A nozzle that is too long or too narrow can create
"ringing" or signal interference. Manufacturers typically specify a minimum nozzle
diameter and maximum height relative to the sensor’s beam angle.

| 4. Environmental Protection

Decarbonization plants often operate in harsh outdoor environments or hazardous
zones. Instruments must be rated for the appropriate Ingress Protection (e.g.,
IP67/IP68) and carry necessary certifications (ATEX, IECEXx) for explosive
atmospheres, particularly in hydrogen and biofuel applications.

| Limitations and Risk Mitigation

While modern level measurement technology is highly advanced, certain
limitations must be managed:

Phase Changes: In CO2 capture, the transition between gas and liquid phases can
be rapid. Instruments must be able to track levels during rapid pressure
fluctuations without losing signal lock.

Build-up and Scaling: Some decarbonization processes involve slurries or liquids
that can leave deposits on sensors. In these cases, non-contact radar or magnetic
gauges (where the float is the only moving part) are preferred over contact-based
pressure sensors.
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Signal Attenuation: Heavy steam or dust in the vapor space can attenuate
ultrasonic signals. High-frequency radar (80 GHz) is generally more resistant to
these conditions due to its narrower beam and better signal penetration.

| Frequently Asked Questions (FAQ)

Q: Which level measurement technology is best for liquid CO2 storage?

A: Guided Wave Radar or high-pressure Magnetic Level Gauges are typically
preferred. They handle the high pressure and low dielectric constant of liquid CO2
more reliably than ultrasonic or hydrostatic methods.

Q: Can ultrasonic sensors be used in hydrogen electrolysis?

A: Generally, no. The high pressure and the presence of hydrogen gas, which has a
different speed of sound than air, make ultrasonic measurement inaccurate and
potentially unsafe in these environments.

Q: How does foam affect radar level meters?

A: It depends on the type of foam. Dry, airy foam may be transparent to radar,
allowing it to measure the liquid level underneath. Dense, wet foam may reflect
the signal, causing the sensor to read the top of the foam layer. Guided Wave
Radar is usually the most effective at "seeing through" foam to the true liquid
level.

Q: What maintenance is required for these instruments?

A: Non-contact instruments like radar require very little maintenance beyond
periodic calibration checks. Contact instruments like magnetic floats or hydrostatic
diaphragms should be inspected for build-up or mechanical wear during scheduled
plant shutdowns.
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| Conclusion

As industries integrate more advanced decarbonization technologies, the demand
for precise, reliable, and safe level measurement grows. By understanding the
physical principles of radar, ultrasonic, and hydrostatic measurement, and by
carefully matching instrument specifications to the rigors of carbon capture and
hydrogen production, engineers can ensure their processes remain efficient and
compliant. For those seeking specialized hardware to support these initiatives,
visiting the Welk Main Page provides access to a wide range of industrial level
measurement solutions tailored for modern automation and environmental
stewardship.
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