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Carbon Capture and Storage (CCS) has transitioned from a theoretical climate
mitigation strategy to a critical industrial requirement. As global industries strive
for net-zero emissions, the implementation of robust co2 capture systems has
become a priority for sectors including power generation, cement manufacturing,
steel production, and chemical processing. These systems are complex, involving
high-pressure vessels, corrosive chemical solvents, and precise phase separations.
Central to the operational efficiency and safety of these plants is the accurate
measurement of liquid levels across various stages of the capture process.

In a typical carbon capture facility, level measurement instruments ensure that
absorption columns do not overflow, strippers maintain the correct solvent
inventory, and storage tanks are managed within safe limits. This article provides a
technical overview of the technologies used within co2 capture systems and the
engineering considerations required for selecting the appropriate level
measurement solutions.

| Understanding the Co2 Capture Process

To select the right instrumentation, one must first understand the primary methods
employed in modern co2 capture systems. While several technologies exist, the
most commercially mature is post-combustion capture using chemical absorption.

|Chemica| Absorption (Amine Scrubbing)

In this process, flue gas is passed through an absorption column where a
solvent—typically an aqueous amine solution like Monoethanolamine
(MEA)—selectively reacts with the CO2. The "rich" solvent (loaded with CO2) is
then pumped to a stripper or regenerator column. Here, heat is applied to break
the chemical bond, releasing pure CO2 and regenerating the "lean" solvent for
reuse. Level measurement is critical in both the absorber and the stripper to
manage the solvent loop.
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| Physical Adsorption and Membranes

Other systems use solid adsorbents (like zeolites or activated carbon) or
specialized membranes to separate CO2 from gas streams. While these processes
involve fewer liquid-handling stages than amine scrubbing, they still require
precise level monitoring in separators and condensate recovery tanks.

| Cryogenic Distillation

Cryogenic systems cool the flue gas to extremely low temperatures to liquefy or
sublime the CO2. These systems operate at high pressures and cryogenic
temperatures, presenting unique challenges for standard level sensors.

| Level Measurement Principles in Carbon Capture

Before recommending specific instruments, it is essential to understand the
physical principles that govern level measurement in industrial environments. For
co2 capture systems, the following technologies are most prevalent:

| 1. Radar Level Measurement

Radar transmitters are widely favored in CCS applications due to their non-contact
nature and resistance to changes in pressure and temperature.

Non-Contact Radar (FMCW): These devices emit a continuous high-frequency
signal (often 80 GHz). The frequency difference between the emitted and received
signal is proportional to the distance. This is ideal for corrosive solvents where the
sensor should not touch the medium.

Guided Wave Radar (GWR): GWR uses Time Domain Reflectometry (TDR). A
microwave pulse is sent down a probe (waveguide). When it hits the liquid surface,
a portion of the energy is reflected back. GWR is particularly effective for
measuring the interface between two liquids, such as oil and water or solvent and
hydrocarbons, which can occur in separation stages.
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| 2. Hydrostatic Level Measurement

Hydrostatic transmitters measure the pressure exerted by a liquid column. The
relationship is defined by the formula: $P = \rho \cdot g \cdot h$, where $P$ is
pressure, $\rho$ is the density of the fluid, $g$ is gravity, and $h$ is the height of
the liquid. In co2 capture systems, these are often used in large solvent storage
tanks where density remains relatively constant.

| 3. Magnetic Level Gauges (MLG)

MLGs consist of a bypass chamber attached to the side of a vessel. A float
containing a magnet moves with the liquid level, flipping colored flags on an
external scale. This provides a highly reliable visual indication that does not
require power. For automation, a reed chain or magnetostrictive transmitter can
be added to the outside of the chamber to provide a 4-20maA signal.

| 4. Ultrasonic Level Sensors

Ultrasonic sensors emit sound waves that reflect off the liquid surface. While
cost-effective, they are generally limited to atmospheric tanks and are sensitive to
the gas composition above the liquid. In CO2-rich environments, the speed of
sound changes significantly compared to air, which can lead to measurement
errors if not properly compensated.

|Technica| Selection Criteria for CCS Applications

Selecting the right instrument requires a deep dive into the process conditions. The
table below summarizes the suitability of different technologies for common stages
within co2 capture systems.
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Process Stage

Absorber
Bottoms

Primary

Medium

Rich Amine

Stripper/Regeneratocean Amine

Reflux Drum

CO2 Storage
Tank

Solvent Storage

Separator
Vessels

Water/Condensate

Liquid CO2

Fresh Amine

Gas/Liquid Mix

Typical
Conditions

408C - 605E.
Low Pressure

1007C- 1207,

1-2 bar

Variable

-20°C 1o -50°C,

20 bar

Ambient

High Pressure

Recommended
Technology

Guided Wave
Radar

Non-Contact
Radar

Magnetic Level
Gauge

Hydrostatic /
Radar

Ultrasonic /
Hydrostatic

Guided Wave
Radar

Co2 Capture Systems

Handles foam
and turbulent
surfaces well.

High
temperature
and steam
resistance.

Provides visual
safety check
and electronic
output.

Must handle
high pressure
and low
temperature.

Cost-effective
for stable,
atmospheric
storage.

Excellent for
interface and
high-pressure
stability.

| Practical Engineering and Installation Considerations

When integrating level sensors into co2 capture systems, several engineering
factors must be addressed to ensure long-term reliability.

Welk Reference Guide



WELK REFERENCE GUIDE Co2 Capture Systems

| Handling Foam

In amine absorption columns, foaming is a frequent issue. Foam can absorb radar
sighals or cause false echoes. Guided Wave Radar is generally more robust in
foaming applications than non-contact radar because the probe directs the signal
through the foam to the actual liquid surface. If using non-contact radar, a lower
frequency (e.g., 26 GHz) or a specialized 80 GHz sensor with advanced signal
processing may be required.

| Chemical Compatibility

Amine solutions and the various additives used in CCS (such as corrosion inhibitors
and anti-foaming agents) can be aggressive. Wetted parts should typically be
constructed from 316L Stainless Steel, Hastelloy, or PTFE-coated materials. For
magnetic level gauges, the float material must be carefully selected to resist
corrosion and handle the specific gravity of the solvent.

| High Pressure and Temperature

In the regeneration and compression stages, temperatures can exceed 120°C and
pressures can rise significantly. Instruments must be rated for these conditions.
For hydrostatic sensors, this means using high-quality diaphragms. For radar, it
requires specialized process seals (like ceramic or glass-to-metal seals) to prevent
gas leakage into the electronics housing.

| Stilling Wells and Bypass Chambers

In vessels with high turbulence (like the bottom of an absorber), installing a radar
sensor inside a stilling well or a bypass chamber is recommended. This isolates the
liguid surface from turbulence and foam, providing a much cleaner signal for the
transmitter.
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| Common Risks and Limitations

Despite the advanced technology available, engineers must be aware of certain
risks when designing co2 capture systems:

1. Gas Density Changes: In high-pressure CO2 tanks, the density of the gas phase
can become significant. This affects the speed of radar signals (dielectric constant
of the gas) and the speed of sound for ultrasonic sensors. Compensation factors
must be programmed into the transmitters.

2. Coating and Buildup: Solvents can sometimes leave a film or crystalline buildup
on probes. Guided Wave Radar probes with a single-rod design are less susceptible
to buildup than twin-rod or coaxial designs.

3. Vibration: Compression stages in CCS plants generate significant vibration.
Instruments should be mounted using vibration-dampening brackets, and
electronics should be robustly potted.

|Frequent|y Asked Questions (FAQs)

Q: Can | use a standard pressure transmitter for liquid CO2 level?

A: While possible, you must account for the high vapor pressure. A differential
pressure (DP) setup is required, measuring both the bottom pressure and the top
gas pressure to calculate the true liquid head.

Q: Why is 80 GHz radar becoming the standard for CCS?

A: The narrow beam angle of 80 GHz radar allows it to avoid internal tank
obstructions like agitators or heating coils, which are common in solvent tanks. It
also provides better resolution for accurate measurement in small vessels.

Q: How often do level sensors in amine service need maintenance?

A: This depends on the solvent purity. Generally, a semi-annual inspection for
buildup or corrosion is recommended. Non-contact sensors typically require less
maintenance than wetted probes.
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| Conclusion and Next Steps

The success of co2 capture systems relies on precise process control. Choosing the
right level measurement technology—whether it is the versatility of radar, the
simplicity of hydrostatic pressure, or the reliability of magnetic gauges—is a
fundamental step in plant design. Engineers should verify the chemical
compatibility of all wetted parts and ensure that the chosen technology can handle
the specific challenges of foam, pressure, and temperature fluctuations inherent in
carbon capture.

For professionals looking to specify or source high-quality industrial level
measurement instruments, it is vital to work with a manufacturer that understands
these complex requirements. You can Review product options and application
support on our Main Page to find detailed specifications and engineering data for
our full range of radar, ultrasonic, and hydrostatic sensors. Ensuring your
instrumentation is fit-for-purpose is the first step toward a more sustainable and
efficient industrial future.
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