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A practical guide to hydrogen production, covering the reader intent, the
relationship to hydrogen production, key evaluation criteria, common risks, and
the information the intended project audience should confirm before taking the
next step.
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The global shift toward decarbonization has positioned hydrogen production as a
cornerstone of the future energy landscape. Whether through traditional steam
methane reforming (SMR) or the rapidly expanding field of water electrolysis, the
industrial generation of hydrogen requires rigorous process control to ensure
safety, purity, and efficiency. Within these complex systems, level measurement
plays a vital role. From monitoring the electrolyte levels in alkaline electrolyzers to
managing condensate in gas-liquid separators, accurate instrumentation is
essential for preventing equipment damage and optimizing gas yield.

Industrial hydrogen production involves high pressures, corrosive chemicals, and
potentially explosive atmospheres. Selecting the appropriate level measurement
technology requires a deep understanding of the physical principles governing
each sensor type and how they interact with the specific conditions of a hydrogen
plant. This guide explores the technical requirements for level instrumentation in
the hydrogen sector, providing engineering insights into selection and installation.

| Measurement Principles for Hydrogen Applications

Before selecting a specific instrument, it is necessary to understand the physical
principles that allow these devices to track liquid interfaces and volumes in
hydrogen production environments.

|Radar Level Measurement (ToF)

Radar level meters operate on the Time-of-Flight (ToF) principle. The device emits
high-frequency electromagnetic pulses (typically in the 80 GHz range) that travel
at the speed of light. When these pulses hit the surface of the liquid—such as
water in a PEM electrolyzer or a chemical solution in a separator—they are
reflected back to the sensor. The distance is calculated based on the time interval
between emission and reception.

Because radar waves do not require a physical medium for propagation, they are
unaffected by vacuum or high-pressure gas layers. However, the dielectric
constant ($&r$) of the liquid is a critical factor; liquids with higher dielectric
constants reflect more energy, providing a stronger signal.
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| Ultrasonic Level Sensing

Ultrasonic sensors function similarly to radar but use mechanical sound waves
instead of electromagnetic pulses. The sensor emits a high-frequency sound pulse
that reflects off the liquid surface. The time taken for the echo to return
determines the level.

While cost-effective, ultrasonic measurement is sensitive to the composition of the
gas space. In hydrogen production, the presence of varying hydrogen
concentrations or high-pressure vapors can significantly alter the speed of sound,
leading to measurement errors unless temperature and gas density compensation
are applied.

| Hydrostatic Pressure Measurement

Hydrostatic level transmitters measure the pressure exerted by a liquid column at
the bottom of a tank. The principle follows the formula $P = pgh$, where $P$ is
pressure, $p$ (rho) is the density of the liquid, $g$ is gravity, and $h$ is the height
of the liquid. In pressurized hydrogen vessels, a differential pressure (DP) approach
is required to subtract the top-side gas pressure from the total pressure at the
bottom, isolating the liquid level.

| Magnetic Level Gauges (MLG)

Magnetic level gauges utilize a float containing a permanent magnet that moves
with the liquid level inside a bypass chamber. Outside the chamber, a series of
magnetic flags or a transmitter responds to the float's position. This provides both
a visual indication and a remote signal. This principle is highly valued in hydrogen
applications because it provides a physical, high-visibility backup that does not
require power for the local display.
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| Level Instrumentation in Production Processes

Hydrogen production is not a singular process; the choice of instrumentation
depends heavily on whether the plant utilizes electrolysis or hydrocarbon-based
reforming.

| Water Electrolysis (Green Hydrogen)

In electrolysis, water is split into hydrogen and oxygen using electricity. There are
two primary industrial methods:

1. Alkaline Electrolysis: This process uses a liquid electrolyte, typically 20% to 30%
Potassium Hydroxide (KOH) or Sodium Hydroxide (NaOH). Level sensors must be
resistant to these highly corrosive bases. Magnetic level gauges with plastic linings
or high-grade stainless steel (316L) are common. Radar level meters are also used
in the gas-liquid separators to ensure the electrolyte does not carry over into the
gas stream.

2. Proton Exchange Membrane (PEM) Electrolysis: PEM electrolyzers use ultrapure
water (UPW). Level measurement here is critical for the water circulation system.
Since the water is non-conductive and must remain pure, non-contact radar is
often preferred to avoid contamination and ensure long-term reliability without
maintenance.

|Steam Methane Reforming (SMR)

SMR remains the most common method for large-scale hydrogen production. It
involves reacting methane with steam at high temperatures (700°C to 1,000°C).
Level measurement is required in the steam drums and the condensate
separators. In these environments, instruments must withstand high temperatures
and pressures. Guided wave radar (GWR) is frequently employed here because the
probe guides the sighal, making it more resilient to the turbulence and steam
found in the separator vessels.
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| Practical Selection Table

Hydrogen Production

The following table provides a general comparison of level measurement

technologies for common hydrogen production stages.

Application

Technology

Pressure

Range

Temperature| Key

Advantage

Electrolyte
Tank

H2/02
Separator

Condensate
Pot

Pure Water
Storage

Buffer Tanks

Magnetic
Gauge

Radar (80
GHz)

Hydrostatic

(DP)

Ultrasonic

Guided
Wave Radar

KOH / NaOH

Up to 40 bar

Water/ElectrolytéJp to 100

Water

Deionized
Water

Liquid/Gas
Interface

bar

Up to 200

bar

Atmospheric

Up to 400
bar

-20°C to
100°C

Up to 150°C

Up to 250°C

-40°C to
80°C

-196°C to
200°C

Visual +
Electronic
redundancy

High
precision,
non-contact

Proven
reliability in
high
pressure

Low cost,
easy
installation

Works with
low
dielectric
fluids

For engineers and procurement specialists looking to compare specific hardware

for these applications, reviewing the Main Page of technical catalogs is

recommended to ensure the selected model meets the required PED (Pressure
Equipment Directive) and ATEX certifications.

| Installation Considerations and Safety

Hydrogen is the lightest element and has a very wide flammability range (4% to
75% in air). This introduces unique challenges for instrument installation.
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| Hazardous Area Certification

All electronic level instruments used in hydrogen production must be certified for
use in hazardous areas. This typically means ATEX or IECEx ratings for Zone 0 or
Zone 1. Intrinsically safe (Ex i) or flameproof (Ex d) enclosures are mandatory to
prevent the instrument from becoming an ignition source.

| Material Compatibility and Hydrogen Embrittlement

Hydrogen atoms are small enough to diffuse into the crystal lattice of many
metals, leading to "hydrogen embrittlement,” which causes the metal to become
brittle and crack. For high-pressure hydrogen service, wetted parts should be
made from materials resistant to this effect, such as 316L stainless steel or specific
nickel alloys. In alkaline environments, the use of PTFE coatings on radar antennas
or magnetic floats is common to prevent chemical attack.

| Pressure and Sealing

Hydrogen is notoriously difficult to contain. Level instruments must feature
high-integrity seals. For radar and ultrasonic units, the process seal (often a glass
or ceramic fused seal) must be capable of withstanding the maximum design
pressure of the vessel. In hydrostatic applications, the diaphragm material must be
robust enough to prevent hydrogen permeation, which can cause "gold-plating"
requirements on diaphragms to act as a barrier.

| Technical Limitations and Challenges

While modern instrumentation is highly advanced, certain limitations remain in
hydrogen production environments:

Dielectric Constant Issues: Hydrogen gas has a very low dielectric constant ($er =
1.0%). While this makes the gas "invisible" to radar, it means that if the liquid being
measured also has a low dielectric constant (such as liquid hydrogen), the
reflection signal will be very weak. In such cases, Guided Wave Radar or Magnetic
Level Gauges are more effective than open-air radar.
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Gas Stratification: In large storage vessels, temperature gradients can cause gas
stratification. This can affect the accuracy of ultrasonic sensors because the speed
of sound changes with gas density and temperature.

Turbulence and Foam: In separators, high-velocity gas entry can create turbulence
or foam on the liquid surface. This can scatter radar or ultrasonic signals. Using a
stilling well or a bypass chamber (as used with MLGs) is a standard engineering
solution to provide a calm surface for measurement.

| Frequently Asked Questions (FAQ)

Q: Can | use a standard water level sensor for hydrogen production?

A: Generally, no. While the media might be water, the environment in hydrogen
production usually involves high pressures and explosive gas zones. You must
ensure the sensor has the appropriate pressure ratings and hazardous area
certifications (ATEX/IECEX).

Q: Why is 80 GHz radar preferred over 26 GHz radar for separators?

A: 80 GHz radar has a narrower beam angle and a shorter wavelength. This allows
it to focus better in small vessels with internal obstructions (like cooling coils) and
provides better signal reflection from turbulent surfaces.

Q: How do | handle level measurement in liquid hydrogen storage?

A: Liquid hydrogen is extremely cold (-253°C). This requires specialized cryogenic
level sensors, often using differential pressure with capillary tubes or specialized
capacitive probes designed for ultra-low temperatures.

Q: Is maintenance frequent for these sensors?

A: Non-contact methods like radar require very little maintenance because they
have no moving parts. However, in alkaline electrolysis, magnetic level gauges
should be inspected periodically for scale buildup or float wear due to the corrosive
nature of the electrolyte.
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| Conclusion

As hydrogen production scales to meet global demand, the precision of level
measurement becomes a critical factor in plant uptime and safety. By
understanding the principles of radar, hydrostatic, and magnetic measurement,
engineers can select the right tool for each stage of the process. Whether
managing the corrosive electrolytes of a green hydrogen plant or the
high-pressure separators of an SMR facility, the correct instrumentation ensures
that production remains stable and efficient. For those in the planning stages of a
project, it is advisable to consult technical data on the Main Page of specialized
instrument providers to align sensor specifications with specific process pressures
and chemical compatibilities.
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