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Carbon Capture Machine

A practical guide to carbon capture machine, covering the reader intent, the
relationship to carbon capture machine, key evaluation criteria, common risks, and
the information the intended project audience should confirm before taking the
next step.
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As global industries pivot toward net-zero emissions, the carbon capture machine
has emerged as a cornerstone technology for mitigating the environmental impact
of heavy industry. Whether deployed at a coal-fired power plant, a cement kiln, or
a hydrogen production facility, these machines are designed to isolate carbon
dioxide (CO2) from flue gases or the atmosphere. However, the efficiency of any
carbon capture machine depends heavily on the precision of its process control
systems. Among these, liquid level measurement is perhaps the most critical
variable for ensuring the continuous, safe, and cost-effective operation of the
capture process.

In industrial applications, carbon capture machines typically utilize solvent-based
absorption, solid adsorption, or membrane separation. Each of these methods
involves complex fluid dynamics and chemical interactions that require robust
instrumentation. This guide examines the engineering principles behind level
measurement in carbon capture systems and provides a framework for selecting
the appropriate sensors to optimize performance.

Measurement Principles in Carbon Capture
Processes

Before selecting instrumentation for a carbon capture machine, it is essential to
understand the physics of the measurement principles involved. In the context of
level measurement, three primary principles dominate the landscape: microwave
reflection (radar), acoustic reflection (ultrasonic), and hydrostatic pressure.

|1. Microwave Reflection (Radar)

Radar level meters operate on the Time-of-Flight (ToF) principle. The device emits
a high-frequency electromagnetic pulse (typically in the 26 GHz or 80 GHz range)
that travels at the speed of light. When the pulse hits the surface of the medium, a
portion of the energy is reflected back to the sensor. The distance is calculated
based on the time interval between emission and reception.
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In a carbon capture machine, radar is often preferred because electromagnetic
waves are largely unaffected by the temperature fluctuations or pressure changes
common in CO2 stripping columns. The dielectric constant ($er$) of the solvent
(such as Monoethanolamine or MEA) is high enough to provide a strong reflection,
even in the presence of vapor or turbulence.

|2. Acoustic Reflection (Ultrasonic)

Ultrasonic sensors use sound waves instead of electromagnetic pulses. The sensor
emits a mechanical vibration that reflects off the liquid surface. The time taken for
the echo to return determines the level. Unlike radar, the speed of sound is highly
dependent on the medium it travels through (the gas phase). In a carbon capture
machine, where the gas composition above the liquid may vary significantly (high
concentrations of CO2 or solvent vapors), ultrasonic sensors require rigorous
temperature and gas-density compensation to maintain accuracy.

| 3. Hydrostatic Pressure

This principle relies on the relationship between the height of a liquid column and
the pressure it exerts at the base: $P = p \cdot g \cdot h$ (where $P$ is pressure,
$p$ is density, $g$ is gravity, and $h$ is height). By measuring the pressure at the
bottom of a vessel and knowing the fluid density, the level can be inferred. This is
a reliable method for solvent storage tanks but can be challenging in pressurized
capture columns where the headspace pressure must be subtracted using a
differential pressure (DP) setup.

The Role of Level Measurement in Carbon Capture
Components

A standard solvent-based carbon capture machine consists of several stages
where level control is vital:

Absorber Column: Flue gas enters the bottom, and lean solvent is sprayed from the
top. Maintaining a specific liquid level at the bottom (the sump) is necessary to
prevent gas bypass and to ensure a steady feed to the heat exchanger.
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Stripper/Regenerator Tower: Here, the rich solvent is heated to release the CO2.
The level in the reboiler must be precisely controlled to prevent the heating
elements from being exposed, which could lead to solvent degradation or
equipment damage.

Reflux Drum: As CO2 is stripped, water and solvent vapors are condensed. The
reflux drum collects this liquid, and the level must be monitored to manage the
return flow to the stripper.

CO2 Liquefaction and Storage: Captured CO2 is often compressed and liquefied for
transport. Level measurement in high-pressure CO2 tanks requires instruments
capable of handling low temperatures and high pressures.

For a comprehensive overview of available technologies for these applications,
engineers can review product options and application support on the Main Page.

Practical Selection Table for Carbon Capture
Applications

Selecting the right instrument for a carbon capture machine requires balancing

accuracy, process conditions, and budget. The following table summarizes the
suitability of various Welk technologies for specific capture stages.
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Technology

80GHz
Radar

Guided
Wave Radar

Ultrasonic
Sensor

Hydrostatic
Trans.

Magnetic
Level Gauge

Typical

Application

Absorber
Sump,
Stripper

Reflux
Drums,
Small Tanks

Solvent
Storage
(Atmospheric)

Large
Solvent Bulk
Tanks

Visual
Monitoring
(Bypass)

Max

Temperature

250°C

450°C

80°C

100°C

400°C

Max

Pressure

40 Bar

400 Bar

3 Bar

N/A

160 Bar

Carbon Capture Machine

High
precision,
ignores
foam,
non-contact

Works in
narrow
nozzles,
immune to
turbulence

Cost-effective,
easy to
install

Very
reliable, low
maintenance

No power
required,
clear local
display

Cons

Higher initial
cost

Probe can
accumulate
buildup

Affected by
gas
composition
and foam

Requires
constant
fluid density

Mechanical
parts can
wear

Installation Considerations for Carbon Capture
Machines

To ensure the longevity and accuracy of level sensors within a carbon capture
machine, several installation factors must be considered:

1. Nozzle Geometry: For non-contact radar, the nozzle height and diameter must
be chosen to avoid internal reflections. If the nozzle is too long or narrow, the
microwave beam may hit the nozzle wall, creating a "false echo." Welk 80GHz
radar units feature a narrow beam angle (typically 3° to 6°), which minimizes this

risk.
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2. Foam Management: Amine solvents are prone to foaming, especially when
impurities are present in the flue gas. Foam can absorb ultrasonic signals and
scatter low-frequency radar waves. High-frequency 80GHz radar is generally the
best choice for penetrating foam to reach the true liquid surface.

3. Chemical Compatibility: The solvents used in a carbon capture machine can be
corrosive. Wetted parts should be constructed from 316L stainless steel, Hastelloy,
or PTFE-coated materials. Hydrostatic transmitters, in particular, must have
diaphragms compatible with the specific amine blend used.

4. Vapor Space Conditions: In the stripper tower, the vapor space is saturated with
steam and CO2. This can cause condensation on the sensor face. Selecting a radar
meter with a PTFE drop antenna or a flushing connection can prevent droplets from
interfering with the signal.

| Limitations and Challenges

While modern instrumentation is highly advanced, certain limitations persist in
carbon capture environments:

Dielectric Changes: If the carbon capture machine switches between different
solvent types, the dielectric constant may change. While radar is generally robust,
significant shifts in $er$ can affect the signal strength. Guided Wave Radar (GWR)
is more sensitive to these changes but offers a more focused signal.

High-Pressure CO2: In the compression stage, CO2 may exist in a supercritical
state. The boundary between liquid and gas becomes indistinct, making traditional
level measurement extremely difficult. In these cases, specialized density-based
measurements or high-end GWR may be required.

Scaling and Buildup: Over time, heat exchangers and capture towers can
accumulate mineral scales or degraded solvent polymers. If these build up on a
GWR probe or a hydrostatic diaphragm, the readings will drift. Regular
maintenance and the use of non-contact instruments (like 80GHz radar) are
recommended to mitigate this.
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| Frequently Asked Questions (FAQs)

Q: Can ultrasonic sensors be used in the CO2 absorber tower?

A: It is generally not recommended. The high concentration of CO2 and the
presence of solvent vapors change the speed of sound significantly. Furthermore,
the foaming common in absorbers can absorb the ultrasonic pulse, leading to
signal loss. Radar is a much more reliable alternative for this specific part of a
carbon capture machine.

Q: How does temperature affect hydrostatic level measurement in solvent tanks?

A: Temperature changes affect the density of the solvent. Since hydrostatic
sensors measure weight (pressure), a decrease in density due to rising
temperatures will make the level appear lower than it actually is. Many Welk
hydrostatic transmitters include integrated temperature sensors to provide
automatic density correction.

Q: Is 80GHz radar better than 26GHz radar for carbon capture?

A: In most cases, yes. The 80GHz frequency allows for a much smaller antenna and
a narrower beam. This is particularly useful in carbon capture machines where
internal piping, ladders, or agitators might obstruct a wider 26GHz beam. It also
handles condensate and foam more effectively.

Q: What is the maintenance schedule for level meters in a carbon capture
machine?

A: For non-contact radar, maintenance is minimal—often just a yearly visual
inspection of the antenna. For contact-based systems like GWR or hydrostatic
transmitters, we recommend a six-month check to ensure no chemical buildup or
corrosion is occurring on the wetted parts.
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| Conclusion

The successful operation of a carbon capture machine relies on the seamless
integration of chemical engineering and precise instrumentation. By understanding
the principles of radar, ultrasonic, and hydrostatic measurement, engineers can
select the right tools to manage the complex fluid environments found in capture
towers and storage systems. Welk continues to provide the industrial-grade level
measurement solutions necessary to push the boundaries of carbon capture
technology, ensuring that these machines can operate at peak efficiency in the
global effort to reduce industrial emissions.
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