Co2 Capture Technologies

A practical guide to co2 capture technologies, covering the reader intent, the
relationship to co2 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, utilization, and storage (CCUS) has transitioned from a niche
environmental concept to a cornerstone of industrial decarbonization. As global
industries strive to meet net-zero targets, the deployment of various co2 capture
technologies has accelerated across power generation, cement manufacturing,
and steel production. However, the efficiency of these systems depends heavily on
precise process control and the reliable monitoring of fluids, many of which exist
under extreme pressures or in corrosive chemical states.

For engineers and plant managers, selecting the right instrumentation is as critical
as the capture chemistry itself. This article explores the primary methods of
carbon capture and the engineering principles behind the level measurement
technologies required to keep these systems operational. For a comprehensive
overview of industrial instrumentation, engineers can visit the Main Page.

| 1. Overview of Primary CO2 Capture Methods

Before discussing instrumentation, it is essential to understand the three dominant
technological pathways for capturing carbon dioxide. Each method presents unique
physical and chemical environments that dictate how level sensors must perform.

| Post-Combustion Capture

Post-combustion capture involves removing CO2 from flue gas after a fuel has
been burned. This is the most common method for retrofitting existing power
plants. The process typically uses chemical absorption, where flue gas is passed
through a solvent—most commonly aqueous amines like Monoethanolamine
(MEA). The CO2 reacts with the solvent, which is then heated in a separate stripper
column to release pure CO2 for compression.
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| Pre-Combustion Capture

In pre-combustion systems, the fuel (usually coal or natural gas) is gasified to
produce a syngas consisting of hydrogen and CO2. The CO2 is removed before
combustion occurs. This process typically happens at much higher pressures than
post-combustion capture, requiring instrumentation that can withstand significant
mechanical stress.

| Oxy-Fuel Combustion

Oxy-fuel combustion involves burning fuel in nearly pure oxygen rather than air.
This produces a flue gas consisting primarily of water vapor and CO2. The water is
condensed, leaving a high-purity CO2 stream. The challenge here lies in managing
the high temperatures of the combustion process and the subsequent cooling and
condensation phases.

| 2. Level Measurement Principles in CO2 Capture

In CO2 capture plants, level measurement is required for solvent storage tanks,
absorber columns, flash tanks, and separators. Understanding the physics behind
these measurements is the first step in successful integration.

|Radar Level Measurement (Time-of-Flight)

Radar sensors use high-frequency microwave pulses (typically 26GHz or 80GHz).
These pulses are emitted from the antenna, reflect off the surface of the medium,
and return to the sensor. The distance is calculated based on the time it takes for
the pulse to travel.

Non-Contact Radar: Ideal for corrosive solvents as the sensor does not touch the
liquid. However, the dielectric constant (Dk) of the medium affects signal strength.
Liquid CO2 has a relatively low dielectric constant, which may require
high-sensitivity 80GHz radar units to ensure a reliable return signal.
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Guided Wave Radar (GWR): Uses a physical probe to guide the microwave. This is
highly effective in applications with foam or turbulence, which are common in
amine absorber columns.

| Ultrasonic Level Measurement

Ultrasonic sensors emit sound waves that bounce off the liquid surface. While
cost-effective for water treatment, their use in co2 capture technologies is limited.
Because sound speed varies with gas density and temperature, the high-pressure
CO2 environment or the presence of heavy chemical vapors can significantly
distort the measurement unless the sensor is equipped with advanced temperature
and gas-composition compensation.

| Hydrostatic Pressure Measurement

This principle relies on the relationship between the pressure at the bottom of a
vessel and the height of the liquid column ($P = \rho gh$). In solvent tanks with
stable densities, hydrostatic transmitters provide a robust and simple solution.
However, if the temperature or concentration of the amine solvent changes, the
density ($\rho$) also changes, leading to measurement errors unless real-time
density compensation is applied.

| Magnetic Level Gauges (MLG)

MLGs use a float containing a magnet that moves with the liquid level inside a
bypass chamber. Outside the chamber, magnetic flags or a transmitter track the
float's position. This provides a clear visual indication for operators and a
redundant electronic signal for the control system. They are particularly useful for
high-pressure CO2 storage tanks where a visual backup is required for safety.

| 3. Technical Challenges in CO2 Environments

Implementing level sensors in carbon capture applications is not without risks.
Engineers must account for several process-specific variables:



Co2 Capture Technologies

| Foam Formation

In amine scrubbing towers, the interaction between the gas and the liquid often
generates foam. Foam can absorb radar signals or create "false surfaces" for
ultrasonic sensors. Guided Wave Radar with specialized sighal processing is
usually the preferred choice to penetrate foam and detect the true liquid level.

| High Pressure and Supercritical States

CO2 is often transported and stored in a supercritical state (above 31.1°C and 73.8
bar). In this state, the distinction between liquid and gas becomes blurred.
Instrumentation must be rated for high pressure, and sensors like radar must be
calibrated to account for the high density of the vapor phase, which can slow down
the speed of the microwave signal.

| Chemical Compatibility
Solvents used in capture, such as amines or chilled ammonia, can be corrosive to

standard sensor materials. Transmitters should utilize high-grade stainless steel
(316L), Hastelloy, or PTFE coatings to prevent premature failure.

| 4. Selection Criteria for Level Instrumentation

When evaluating instrumentation for co2 capture technologies, use the following
table as a baseline for selection:
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Application Recommended Key Benefit Limitation
Technology
Amine Storage Non-contact Radar No contact with Requires minimum
corrosive liquid Dk of 1.4
Absorber Columns Guided Wave Radar Ignores foam and Probe must be
turbulence compatible with
solvent
CO2 Separators Hydrostatic Pressure Simple and reliable Sensitive to density
changes
High-Pressure Magnetic Level Visual verification + Mechanical float can
Storage Gauge Electronic output get stuck if dirty
Condensate Tanks Ultrasonic Cost-effective Not for high pressure

or vacuum

| 5. Installation and Engineering Considerations

To ensure the longevity and accuracy of level measurement systems in a CCUS
facility, follow these practical installation guidelines:

1. Nozzle Design: For radar installations, ensure the nozzle height does not
interfere with the signal beam. Use a nozzle with a smooth internal surface to
prevent false reflections.

2. Stilling Wells: If using non-contact radar in a highly turbulent tank, a stilling well
can provide a calm surface for measurement and increase the signal-to-noise ratio.

3. Orientation: Hydrostatic transmitters should be mounted away from agitators or
inlet pipes to avoid dynamic pressure spikes that could be misinterpreted as level
changes.

4. Redundancy: In critical safety loops (e.g., preventing tank overfill of
concentrated CO2), use two different technologies—such as a radar sensor and a
mechanical level switch—to provide diverse redundancy.
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|6. Frequently Asked Questions (FAQs)

Q: How does the dielectric constant of liquid CO2 affect radar measurement?

A: Liquid CO2 has a low dielectric constant (approx. 1.6). This means the reflected
signal is weak. It is recommended to use high-frequency (80GHz) radar or Guided
Wave Radar, which concentrates the energy along a probe to ensure a reliable
echo.

Q: Can hydrostatic sensors be used for supercritical CO2?

A: Yes, but with caution. Because the density of supercritical CO2 changes rapidly
with small shifts in temperature and pressure, the hydrostatic calculation must be
integrated with a multivariable transmitter that accounts for real-time density.

Q: Why is foam a problem for ultrasonic sensors in amine towers?

A: Ultrasonic waves are mechanical sound waves. Foam is essentially a collection
of air bubbles that act as an insulator, absorbing the sound energy and preventing
it from reflecting back to the sensor. This results in a "loss of echo" error.

Q: What maintenance is required for level sensors in carbon capture?

A: For contact-based sensors like GWR or floats, regular inspection for chemical
scaling or buildup is necessary. For non-contact radar, maintenance is minimal,
though the antenna window should be checked for condensation or crystallization
in certain solvent applications.

| 7. Conclusion

The success of global co2 capture technologies relies on the precision of the
underlying process control. Whether managing the delicate balance of an amine
absorber or the high-pressure demands of CO2 sequestration, selecting the
appropriate level measurement technology is vital. By understanding the principles
of radar, hydrostatic, and magnetic measurement, and by accounting for the
specific challenges of the carbon capture environment, engineers can build more
resilient and efficient decarbonization systems. For further technical specifications
and product selection, please refer to the Main Page.



