Carbon Capture Technologies

A practical guide to carbon capture technologies, covering the reader intent, the
relationship to carbon capture technologies, key evaluation criteria, common risks,
and the information the intended project audience should confirm before taking
the next step.
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Carbon capture technologies represent a critical suite of engineering solutions
designed to mitigate the environmental impact of industrial processes. By isolating
carbon dioxide (CO2) from flue gases or directly from the atmosphere, these
systems prevent the release of greenhouse gases into the environment. For
engineers and facility managers, implementing these technologies requires a deep
understanding of chemical processes, thermodynamics, and precise
instrumentation to ensure system efficiency and safety.

In the context of industrial automation, the effectiveness of carbon capture
depends heavily on the monitoring of various phases—liquid solvents, compressed
gases, and supercritical fluids. Accurate level measurement is essential for
managing the absorption towers, flash tanks, and storage vessels that form the
backbone of these systems.

Understanding Carbon Capture Technologies in
Industrial Processes

Carbon capture, utilization, and storage (CCUS) involves a multi-stage process:
capturing CO2 at the source, transporting it, and either utilizing it in industrial
applications or storing it in deep geological formations. The choice of technology
often depends on the concentration of CO2 in the gas stream, the pressure of the
source gas, and the specific industrial application, such as power generation,
cement manufacturing, or steel production.

There are three primary pathways for capturing CO2 in industrial settings:

1. Post-combustion Capture: CO2 is removed from the flue gas after the fuel has
been burned. This is the most common method for retrofitting existing power
plants. It typically uses chemical solvents like amines to absorb the CO2.

2. Pre-combustion Capture: The fuel (usually coal or natural gas) is processed
before combustion to produce a mixture of hydrogen and CO2. The CO2 is then
separated, leaving hydrogen to be used as a clean fuel.
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3. Oxy-fuel Combustion: Fuel is burned in nearly pure oxygen rather than air. This
results in a flue gas consisting primarily of CO2 and water vapor, making the CO2
much easier to isolate through cooling and condensation.

The Role of Level Measurement in Carbon Capture
Systems

Within these carbon capture technologies, level measurement instruments are
vital for process control. For instance, in post-combustion amine scrubbing, the
"lean" solvent is pumped into an absorption column where it reacts with CO2. The
"rich" solvent is then collected at the bottom. Precise level control in these
columns prevents solvent carryover and ensures optimal contact time between the
gas and liquid phases.

Furthermore, captured CO2 must be compressed and often liquefied for transport.
Maintaining the correct levels in high-pressure separators and storage tanks is a
matter of both operational efficiency and safety. Failure to monitor these levels
accurately can lead to pump cavitation, vessel overfill, or process shutdowns.

| Measurement Principles for CCS Instrumentation

Before selecting a specific sensor, it is important to understand the underlying
physical principles of the most common level measurement technologies used in
carbon capture applications.

|Radar Level Measurement (ToF)

Radar sensors operate on the Time-of-Flight (ToF) principle. They emit
electromagnetic pulses that travel to the surface of the medium and reflect back to
the sensor.

Non-Contact Radar: Ideal for corrosive solvents used in carbon capture, as the
sensor does not touch the medium. It is highly effective in high-temperature and
high-pressure environments.
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Guided Wave Radar (GWR): Uses a probe to guide the signal. This is particularly
useful in narrow tanks or when the dielectric constant of the medium (like liquid
CO2) is low, as the probe concentrates the signal energy.

| Ultrasonic Level Measurement

Ultrasonic sensors emit sound waves that reflect off the liquid surface. While
cost-effective for water treatment or atmospheric storage, they are generally
limited in carbon capture applications involving high pressure or heavy vapors, as
the speed of sound changes with gas density and temperature.

| Hydrostatic Pressure Measurement

This principle calculates the level based on the pressure exerted by the liquid
column ($P = \rho gh$). In carbon capture, hydrostatic transmitters are often used
in solvent storage tanks. However, they require accurate knowledge of the fluid's
density, which can change as the CO2 concentration in the solvent fluctuates.

| Magnetic Level Gauges

These instruments use a float containing a magnet that moves with the liquid level
inside a bypass chamber. The magnet flips external flags for visual indication and
can be paired with a reed chain or magnetostrictive transmitter for remote data.
They are favored for high-pressure CO2 storage because they provide a robust
mechanical backup to electronic systems.

| Selection Guide for Level Sensors in Carbon Capture

Choosing the right instrument depends on the specific stage of the carbon capture
process. The following table provides a general guideline for technology selection
based on typical process conditions.
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Process Stage Typical Pressure Temperature Recommended
Medium RET L[] Range Technology
Absorption Amine/Solvents 1-5 Bar 40°C - 60°C Guided Wave
Tower Radar /
Non-contact
Radar
Stripper/RegeneratoRich Solvent 1.5-3 Bar 100°C —120°€C Guided Wave
Radar (High

Temp version)

CO2 Separator Liquid CO2 / 20-70 Bar -20°C - 30°C Guided Wave
Water Radar /
Magnetic Level
Gauge
Liquefaction Supercritical Up to 100 Bar -50°C - 20°C Guided Wave
Storage co2 Radar /

Hydrostatic (DP)

Solvent Storage Lean Amine Atmospheric Ambient Ultrasonic /
Hydrostatic

For engineers looking to integrate these sensors into a broader automation
framework, it is helpful to Review product options and application support to
ensure compatibility with specific chemical compositions.

| Installation and Operational Considerations

Successful deployment of level instrumentation in carbon capture technologies
requires attention to several mechanical and environmental factors:

Nozzle Geometry: For radar installations, the height and diameter of the mounting
nozzle can interfere with the signal. Ensure the nozzle is short enough to prevent
"ringing" or signal blockage.

Vapor Space Composition: In CO2 capture, the vapor space often contains high
concentrations of CO2 or solvent vapors. This affects the dielectric constant and
the speed of sound. Radar is generally more immune to these changes than
ultrasonic technology.
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Foaming: Amine solvents are prone to foaming, especially if contaminants are
present. Foam can absorb radar and ultrasonic signals, leading to false readings.
Guided wave radar with specialized algorithms or magnetic level gauges are often
preferred in foaming applications.

Material Compatibility: The capture process involves aggressive chemicals. Wetted
parts (probes, diaphragms, floats) should be constructed from 316L Stainless Steel,
Hastelloy, or PTFE-coated materials to prevent corrosion.

| Limitations and Challenges in CCS Level Monitoring

While modern instrumentation is highly advanced, carbon capture environments
present unique challenges:

1. Low Dielectric Constants: Liquid CO2 has a very low dielectric constant ($er
\approx 1.6%$). This makes it a poor reflector for standard radar. High-sensitivity
radar or GWR is necessary to track the surface accurately.

2. Supercritical States: Near the critical point of CO2 (31.1°C and 73.8 bar), the
distinction between liquid and gas phases becomes blurred. This can cause
traditional buoyancy-based or reflective sensors to struggle as the density gradient
disappears.

3. Build-up and Scaling: Solvents can leave deposits on probes. Self-cleaning
designs or non-contact sensors are recommended to reduce maintenance cycles.

| Frequently Asked Questions (FAQs)

Q: Why is radar preferred over ultrasonic for CO2 storage?

A: CO2 storage often involves high pressures and varying gas temperatures.
Ultrasonic waves are mechanical and depend on the gas medium for transmission;
changes in gas density significantly affect accuracy. Radar uses electromagnetic
waves, which are largely unaffected by the gas composition or pressure.

Q: How does foaming affect level measurement in amine absorbers?
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A: Foam can create a "soft" surface that absorbs signal energy. In non-contact
radar, this might result in a lost signal. Guided wave radar is better at detecting
the true liquid level beneath the foam, provided the foam is not excessively thick
or metallic in nature.

Q: What safety certifications are required for instruments in carbon capture?

A: Since many capture plants handle flammable gases (in pre-combustion) or
operate at high pressures, instruments should typically carry ATEX/IECEX
explosion-proof certifications and have a high Pressure Equipment Directive (PED)
rating. SIL 2/3 (Safety Integrity Level) ratings are also common for overfill
prevention systems.

Q: Can hydrostatic transmitters be used for liquid CO2?

A: Yes, but they must be configured as Differential Pressure (DP) systems because
the vessels are pressurized. One side measures the total pressure (liquid + gas)
and the other measures only the gas head pressure. The difference represents the
liquid level.

| Conclusion

As carbon capture technologies continue to evolve and scale globally, the precision
of process instrumentation remains a cornerstone of successful implementation.
By understanding the chemical and physical properties of the CO2 capture cycle,
engineers can select level measurement solutions that provide long-term reliability
and accuracy. For technical specifications and detailed instrument data, engineers
are encouraged to visit the Welk Main Page to explore the full range of industrial
level solutions tailored for demanding process environments.



