Carbon Sequestration
Technologies

A practical guide to carbon sequestration technologies, covering the reader intent,
the relationship to carbon sequestration 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 sequestration technologies represent a critical pillar in the global effort to
mitigate industrial greenhouse gas emissions. As heavy industries—ranging from
power generation and cement manufacturing to chemical processing—seek to
reach net-zero targets, the implementation of Carbon Capture, Utilization, and
Storage (CCUS) has transitioned from theoretical research to large-scale
engineering reality. For process engineers and plant managers, the success of
these systems relies heavily on the precise monitoring of fluids, gases, and
liguefied CO2 throughout the sequestration lifecycle.

In the context of industrial automation, carbon sequestration technologies involve
complex chemical and physical transformations. Managing these processes
requires robust instrumentation capable of handling extreme pressures, cryogenic
temperatures, and corrosive chemical solvents. This guide explores the
engineering principles of level measurement within carbon sequestration systems
and provides practical selection criteria for ensuring operational safety and
efficiency.

Overview of Carbon Sequestration Technologies in
Industrial Processes

Carbon sequestration is generally categorized into three main stages: capture,
transport, and storage. Each stage presents unique challenges for level
instrumentation.

1. Carbon Capture: This involves separating CO2 from industrial flue gases. The
most common method is post-combustion capture using chemical solvents like
amines. In these systems, level sensors are required to monitor absorber columns
and stripper tanks where the solvent absorbs and then releases the CO2.

2. Transport and Liquefaction: To move CO2 efficiently via pipeline or ship, it is
typically compressed into a liquid or supercritical state. Maintaining the level in
surge tanks and separators during compression is vital for pump protection and
phase control.
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3. Geological Storage: CO2 is injected into deep underground formations, such as
depleted oil and gas reservoirs or saline aquifers. Monitoring the surface-level
buffer tanks and the injection process ensures that the sequestration remains
within safe volumetric limits.

Effective management of these stages depends on the integration of reliable
measurement technologies. For a comprehensive overview of available
instrumentation for these applications, engineers can refer to the Main Page of
industrial level solution providers.

Measurement Principles for Sequestration
Applications

Before selecting a device, it is essential to understand how different measurement
principles interact with the properties of CO2 and the chemicals used in carbon
sequestration technologies.

| Guided Wave Radar (GWR)

Guided Wave Radar utilizes Time Domain Reflectometry (TDR). A high-frequency
electromagnetic pulse is sent along a probe (cable or rod). When the pulse hits the
process medium, a portion of the energy is reflected back to the transmitter. In
CCUS, GWR is highly effective for liquid CO2 storage because it is relatively
unaffected by changes in pressure or temperature. However, liquid CO2 has a low
dielectric constant (er = 1.6), which requires high-sensitivity electronics to detect
the weak reflection.

| Non-Contact Radar (80 GHz)

Non-contact radar transmitters emit microwave signals through the air. The 80
GHz frequency allows for a narrow beam angle, which is ideal for avoiding internal
tank obstructions like heating coils in amine strippers. Because the signal does not
rely on a physical probe, it is less susceptible to the corrosive nature of capture
solvents.
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| Ultrasonic Level Measurement

Ultrasonic sensors emit sound waves that reflect off the liquid surface. While
cost-effective, their use in carbon sequestration technologies is limited to
atmospheric pressure applications, such as wastewater tanks in capture plants.
They are generally unsuitable for high-pressure CO2 storage because the speed of
sound changes significantly with gas density and pressure.

| Hydrostatic Pressure

This principle measures the head pressure exerted by a liquid column. In
sequestration, hydrostatic transmitters are often used in solvent tanks. However,
because CO2 density fluctuates significantly with temperature and pressure,
hydrostatic systems must be paired with temperature compensation or used in
stable atmospheric conditions to maintain accuracy.

| Magnetic Level Gauges (MLG)

MLGs provide a visual indication of the level using a float equipped with a magnet
that flips flags on an external scale. These are frequently used as redundant safety
systems on high-pressure CO2 separators, providing a mechanical backup that
does not require power.

| Selection Criteria for Level Instrumentation in CCUS

Choosing the right instrument for carbon sequestration technologies requires an
evaluation of the specific process environment. The following factors are
paramount:

Phase State of CO2: CO2 can exist as a gas, liquid, or supercritical fluid.
Instruments must be rated for the specific phase. Supercritical CO2, occurring
above 31.1°C and 73.8 bar, behaves with the density of a liquid but the viscosity of
a gas, making interface detection challenging.
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Chemical Compatibility: In capture units, solvents like Monoethanolamine (MEA)
can be corrosive to standard carbon steel. Instrumentation wetted parts should
typically be 316L stainless steel or specialized alloys like Hastelloy.

Pressure and Temperature: CO2 liquefaction often involves pressures exceeding
20 bar and temperatures as low as -50°C. Sensors must have high-pressure seals
(such as glass-to-metal seals) to prevent gas migration into the electronics
housing.

Dielectric Constant: As mentioned, liquid CO2 has a very low dielectric constant.
When using radar technology, the device must be capable of "Low Dielectric"
tracking to ensure the signal is not lost.

Selection Table: Level Sensors for Carbon
Sequestration
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Technology

Typical
Application

Max
Pressure

(Approx.)

Temperature

Range

Guided
Wave Radar

80GHz
Radar

Hydrostatic

Magnetic
Gauge

Ultrasonic

Liquid CO2
Storage

Amine
Capture
Tanks

Solvent
Storage

High-Pressure
Separators

Water
Treatment

Up to 400
bar

Up to 160
bar

N/A (Head
pressure)

Up to 320
bar

3 bar

-200°C to
450°C

-60°C to
250°C

-40°C to
100°C

-196°C to
400°C

-40°C to
80°C

Accurate in
high
pressure;
unaffected
by foam.

Non-contact;
easy to
install; high
precision.

Simple;
reliable for
stable
liquids.

Visual local
indication;
no power
needed.

Low cost;
non-contact.

Probe can be
subject to
coating or
corrosion.

Sensitive to
extremely
low
dielectric
fluids.

Error-prone
if density
changes;
requires two
ports.

Mechanical
parts can
wear; limited
to vertical
tanks.

Not for high
pressure or
vacuum,.

Installation and Maintenance Considerations for CO2

Systems

Proper installation is vital for the longevity of instruments used in carbon
sequestration technologies. High-pressure CO2 systems are prone to "Rapid Gas
Decompression" (RGD), which can damage O-rings and seals if the system is
depressurized too quickly. Engineers should specify RGD-resistant seals (such as
Viton or EPDM rated for CO2) for all instrumentation interfaces.
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For radar installations, nozzle geometry is critical. In CO2 storage spheres, long
nozzles can cause signal interference. Using a standpipe or a nozzle with a
diameter-to-length ratio that matches the manufacturer's recommendations will
minimize false echoes. Additionally, in cryogenic CO2 applications, insulation must
be applied carefully around the sensor flange to prevent ice buildup, which can
interfere with the electronics or the mechanical movement of floats in magnetic
gauges.

Maintenance schedules should include regular verification of the seal integrity.
Since CO2 is an asphyxiant, any leak at an instrumentation point poses a safety
risk in enclosed plant areas. Periodic calibration of hydrostatic sensors is also
necessary to account for any drift in the pressure diaphragms caused by the
aggressive cycling of capture solvents.

| Limitations and Technical Challenges

While carbon sequestration technologies are advancing, several technical
limitations remain regarding level measurement:

1. The Critical Point Challenge: Near the critical point of CO2, the boundary
between liquid and gas becomes blurred. This can cause radar signals to
"disappear" as the dielectric difference between the two phases vanishes. In these
specific zones, differential pressure or nucleonic (gamma) level detection may be
required as a supplement.

2. Foaming in Capture Columns: In amine-based capture, foaming is a common
occurrence due to impurities in the flue gas. Ultrasonic and standard non-contact
radar may struggle to penetrate thick foam, leading to false high-level readings.
Guided Wave Radar is typically the preferred solution here as the signal travels
along the probe through the foam.

3. Vessel Geometry: Many sequestration projects repurpose existing industrial
tanks. These tanks may have internal baffles or agitators that interfere with the
line-of-sight required by radar sensors. In such cases, the use of a stilling well is
mandatory to provide a clear path for the measurement signal.
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|Frequent|y Asked Questions (FAQs)
Q: Why is liquid CO2 difficult to measure with radar?

A: Liquid CO2 has a low dielectric constant (er = 1.6). Radar signals rely on the
difference in dielectrics between the gas space and the liquid to create a
reflection. A low dielectric means most of the signal passes through the liquid
rather than reflecting, requiring high-gain antennas and advanced signal
processing.

Q: Can | use a standard water level sensor for carbon sequestration?

A: Generally, no. Carbon sequestration involves either high-pressure CO2 or
corrosive chemical solvents. Standard sensors often lack the pressure ratings,
material compatibility (e.g., 316L SS), and specialized seals required for these
environments.

Q: What is the best technology for monitoring amine solvent levels?

A: 80 GHz non-contact radar is often the best choice for amine tanks because it is
non-contact (reducing corrosion risk) and can handle the vapors and temperature
fluctuations typical of the capture process.

Q: How does temperature affect level measurement in CO2 storage?

A: Temperature significantly changes the density of liquid CO2. If using hydrostatic
pressure sensors, a 5°C change can result in a significant measurement error.
Radar and magnetic gauges are preferred for storage because they are
independent of fluid density.

By understanding these principles and limitations, engineers can better implement
the instrumentation necessary to support the growing field of carbon sequestration
technologies. For detailed product specifications and engineering support
regarding level measurement in these applications, visit the Main Page to explore
professional industrial solutions.



