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The global transition toward a low-carbon economy has placed significant
emphasis on hydrogen as a versatile energy carrier. Within this landscape, the
blue hydrogen process serves as a critical bridge between traditional
fossil-fuel-based production and zero-carbon green hydrogen. By integrating
conventional steam methane reforming (SMR) or autothermal reforming (ATR) with
advanced carbon capture and storage (CCS) technologies, industrial facilities can
produce high-purity hydrogen while significantly reducing their environmental
footprint.

For process engineers and plant operators, managing the blue hydrogen process
requires precise control over complex chemical reactions, high-pressure
separations, and the handling of various liquid and gaseous phases. Accurate level
measurement is fundamental to ensuring the safety, efficiency, and reliability of
these systems. This guide explores the technical components of blue hydrogen
production and the instrumentation strategies necessary for optimized
performance.

| Understanding the Blue Hydrogen Production Cycle

Blue hydrogen is defined by the capture and permanent storage of carbon dioxide
(CO2) generated during the production of hydrogen from natural gas. Unlike "grey"
hydrogen, which releases CO2 into the atmosphere, the blue hydrogen process
utilizes a closed-loop or captured-loop approach.

| 1. Feedstock Preparation and Reforming

The process typically begins with natural gas (methane). This feedstock undergoes
desulfurization to protect downstream catalysts. The two primary methods for
reforming are:

Steam Methane Reforming (SMR): Methane reacts with steam at high
temperatures (700°C to 1,100°C) in the presence of a nickel catalyst to produce
syngas (a mixture of hydrogen and carbon monoxide).

Autothermal Reforming (ATR): This method uses oxygen and steam to react with
methane. It is often preferred for large-scale blue hydrogen projects because it
produces a more concentrated CO2 stream, making carbon capture more efficient.
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| 2. Water-Gas Shift Reaction

To maximize hydrogen yield, the carbon monoxide in the syngas is reacted with
steam in a water-gas shift (WGS) reactor. This converts CO into CO2 and additional
H2. Level control in the associated knockout drums and condensate separators is
vital at this stage to prevent liquid carryover into the reactors.

|3. Carbon Capture and Storage (CCS)

This is the defining stage of the blue hydrogen process. The CO2 is separated from
the hydrogen stream, typically using chemical absorption (such as amine
scrubbing) or physical separation (such as Pressure Swing Adsorption - PSA). The
captured CO2 is then compressed into a supercritical fluid for transport and
geological sequestration.

Level Measurement Principles in Hydrogen
Production

In the blue hydrogen process, level measurement instruments must withstand
extreme temperatures, high pressures, and chemically aggressive media. Before
selecting a device, it is essential to understand the underlying measurement
principles employed in industrial environments.

|Radar Level Measurement (ToF)

Radar sensors operate on the Time-of-Flight (ToF) principle. They emit
high-frequency electromagnetic pulses (typically in the 26 GHz or 80 GHz range)
that travel to the surface of the medium and reflect back to the sensor. The
distance is calculated based on the time interval between emission and reception.

Non-Contact Radar: Ideal for corrosive liquids like amines or high-temperature
syngas condensates, as the sensor does not touch the medium. 80 GHz technology
offers a narrow beam angle, which is advantageous in vessels with internal
obstructions like heating coils or agitators.
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Guided Wave Radar (GWR): Uses a physical probe to guide the pulse. This is highly
effective for low-dielectric liquids or applications involving heavy foam and steam,
which are common in WGS reactors and separators.

| Ultrasonic Level Measurement

Ultrasonic sensors emit sound waves that reflect off the liquid surface. While
cost-effective for water treatment and atmospheric storage tanks within the
hydrogen plant, they are generally not suitable for high-pressure hydrogen or CO2
tanks because the speed of sound varies significantly with gas density and
pressure changes.

| Hydrostatic Pressure Measurement

This principle relies on the relationship between the height of a liquid column and
the pressure it exerts at the base of the tank ($P = \rho gh$). In the blue hydrogen
process, hydrostatic transmitters are frequently used for auxiliary water tanks and
chemical storage. However, they require accurate compensation for fluid density
changes, especially if temperatures fluctuate.

| Magnetic Level Gauges (MLG)

MLGs operate on the buoyancy principle. A float containing a permanent magnet
moves with the liquid level inside a bypass chamber. This magnet flips external
flags or interacts with a magnetostrictive transmitter to provide both visual and
electronic feedback. They are highly valued in hydrogen plants for their robustness
and the fact that they provide a clear visual level without requiring power.

| Selection Criteria for Blue Hydrogen Applications

Choosing the right instrumentation for a blue hydrogen process facility involves
evaluating several critical factors. Failure to account for these can lead to
premature sensor failure or dangerous inaccuracies.
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| Material Compatibility and Hydrogen Embrittlement

Hydrogen atoms are small enough to diffuse into the crystalline structure of many
metals, causing them to become brittle and crack. For wetted parts, such as radar
probes or diaphragm seals, materials like 316L stainless steel are standard, but for
high-pressure or high-temperature zones, specialized alloys like Hastelloy C-276 or
Monel may be required.

| Pressure and Temperature Extremes

Separation units in the blue hydrogen process often operate at pressures
exceeding 30 bar (435 psi). Level instruments must be rated for these pressures
and include secondary containment seals to prevent gas leakage into the
electronics housing.

| Dielectric Constant ($er$)

The reflectively of radar signals depends on the dielectric constant of the medium.
Hydrogen itself has a very low dielectric constant, but in the blue hydrogen
process, we are often measuring the byproducts or processing agents (water,
condensate, amines, liquid CO2). Liquid CO2 has a low $&r$ (approx. 1.6),
necessitating high-sensitivity radar or Guided Wave Radar with end-of-probe signal
tracking.

| Practical Selection Table for Process Nodes
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Process Stage
Feedstock

Desulfurization

SMR/ATR

Condensate

Amine Absorber

CO2 Separation

Water Treatment

Hydrogen Storage

Typical Medium

Hydrocarbons/Sulfur

High-temp

Water/Steam

Amine Solution

Liquid CO2

Process Water

Liquid H2 (Cryogenic)

Recommended
Technology

Guided Wave Radar

Non-Contact Radar
(80GHz)

Magnetic Level
Gauge

Guided Wave Radar

Ultrasonic /
Hydrostatic

Differential Pressure

Blue Hydrogen Process

Key Consideration

Handles varying
densities

Withstands
steam/turbulence

Visual safety +
electronic output

Low dielectric
constant

Cost-effective for
utility stages

Requires specialized
insulation

| Installation and Engineering Considerations

Proper installation is as critical as device selection. In the blue hydrogen process,
the following engineering practices should be observed:

1. Nozzle Geometry: For radar installations, ensure the nozzle height does not
interfere with the signal beam. Long, narrow nozzles can create "ringing" effects
that mask the true level signal.

2. Stilling Wells and Bypass Chambers: In vessels with heavy turbulence or boiling
surfaces (like steam drums), installing the level sensor in a stilling well or a bypass
chamber provides a calm surface for more accurate measurement.

3. Insulation and Heat Tracing: Many fluids in the blue hydrogen process must be
kept at specific temperatures to prevent crystallization or condensation. Level
instruments must be installed with sufficient stand-offs or cooling fins to protect
the electronics from heat conduction.
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4. Safety Certifications: Given the flammability of hydrogen, all electronic
instrumentation must carry appropriate hazardous area certifications (e.g., ATEX,
IECEX, or Class/Division ratings). For critical safety loops, SIL 2 or SIL 3 rated
instruments are mandatory.

| Limitations and Challenges

While modern instrumentation is highly advanced, certain limitations remain in the
blue hydrogen process:

Foam Interference: In amine scrubbers, foaming is a common issue. Ultrasonic and
non-contact radar can struggle to penetrate dense foam. In these instances,
Guided Wave Radar or Magnetic Level Gauges are preferred as they are less
affected by surface foam.

Gas Phase Compensation: At very high pressures, the gas phase above the liquid
can become dense enough to slow down radar signals. Advanced radar
transmitters include gas phase compensation (using a reference distance) to
maintain accuracy.

Maintenance Access: Many hydrogen process vessels are heavily insulated.
Choosing instruments that allow for "top-down" maintenance or have remote
displays can significantly reduce downtime during routine inspections.

| Frequently Asked Questions (FAQs)

Q: Can | use standard ultrasonic sensors for liquid CO2 level measurement?

No. The high pressure and changing density of the gas phase in CO2 tanks
significantly affect the speed of sound, leading to massive errors. Radar or
hydrostatic pressure is much more reliable for this application.

Q: How does hydrogen embrittlement affect level switches?

Level switches with thin metallic membranes or vibrating forks are susceptible to
embrittlement. Over time, the metal loses its elasticity, which can cause the
vibration frequency to shift or the membrane to rupture. Selecting gold-plated or
specialized alloy wetted parts is the standard solution.
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Q: Is 80 GHz radar always better than 26 GHz for hydrogen processes?

Not necessarily. While 80 GHz offers better focus and is superior for avoiding
internal obstructions, 26 GHz radar often performs better in the presence of heavy
dust or very thick steam, which can occasionally occur in feedstock handling areas.

Q: What is the benefit of a Magnetic Level Gauge over a Radar?

The primary benefit is the lack of a power requirement for visual indication. In the
event of a total plant power failure, operators can still manually check levels in
critical vessels. Furthermore, MLGs are immune to the dielectric constant issues
that can affect radar.

| Conclusion

The blue hydrogen process is a sophisticated engineering feat that demands
high-performance instrumentation to bridge the gap between fossil fuel usage and
carbon neutrality. By understanding the specific measurement principles—from the
Time-of-Flight logic of radar to the buoyancy of magnetic gauges—engineers can
design systems that are both safe and efficient. Selecting the right materials and
technologies for each process node ensures long-term reliability in the face of high
pressures and corrosive chemicals.

For a comprehensive overview of industrial measurement solutions and to explore
specific hardware configurations for your facility, you can Review product options
and application support at the Welk Main Page. Our technical team provides the
expertise needed to navigate the complexities of hydrogen production and carbon
capture instrumentation.
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