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Hydrogen Compression

A practical guide to hydrogen compression, covering the reader intent, the
relationship to hydrogen compression, key evaluation criteria, common risks, and
the information the intended project audience should confirm before taking the
next step.
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Hydrogen compression is a cornerstone of the modern energy transition,
facilitating the storage, transport, and utilization of hydrogen across various
industrial sectors. As the smallest and lightest molecule, hydrogen presents unique
physical challenges that require specialized engineering solutions. In B2B industrial
environments—ranging from chemical processing to hydrogen refueling stations
(HRS)—the ability to safely and efficiently increase the energy density of hydrogen
gas is critical.

For engineers and project managers, understanding the nuances of hydrogen
compression involves more than just selecting a compressor; it requires a
comprehensive look at the instrumentation, including level measurement in
separators and storage vessels, to ensure process integrity. For a broader look at
industrial measurement solutions, you can visit our Main Page.

| The Role of Hydrogen Compression in Industry

Hydrogen in its ambient state has a very low volumetric energy density. To make it
viable for transport or storage, it must be compressed to high pressures, typically
ranging from 200 bar (20 MPa) for industrial tube trailers to 700 bar (70 MPa) or
higher for light-duty vehicle refueling.

Hydrogen compression serves three primary functions:

1. Storage Efficiency: Reducing the volume required to store a specific mass of
hydrogen.

2. Pipeline Injection: Overcoming pressure drops in long-distance transport
networks.

3. Process Integration: Providing the necessary pressure for chemical synthesis,
such as ammonia production or hydrocracking in refineries.

| Types of Hydrogen Compression Technologies

Selecting the right compression technology depends on the required flow rate,
purity levels, and discharge pressure.
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|Reciprocating Piston Compressors

These are the most common for high-pressure applications. They use a
crankshaft-driven piston to compress the gas. In hydrogen service, these are often
"non-lubricated" or "oil-free" to prevent contamination of the hydrogen gas, which
is vital for fuel cell applications.

| Diaphragm Compressors

Diaphragm compressors are a subset of reciprocating compressors where a
flexible membrane separates the hydrogen from the hydraulic fluid and piston.
This ensures zero leakage and ultra-high purity, making them the standard for
hydrogen refueling stations.

| Centrifugal Compressors

Used primarily for high-volume, lower-pressure applications (such as pipeline
transport), centrifugal compressors use high-speed impellers to add kinetic energy
to the gas. Due to hydrogen's low molecular weight, these units must operate at
very high tip speeds or use multiple stages to achieve significant pressure ratios.

|Ionic Liquid Compressors

An emerging technology where a liquid piston (ionic liquid) replaces the
mechanical piston. Since ionic liquids do not dissolve hydrogen and have almost no
vapor pressure, they provide a highly efficient, nearly isothermal compression
process with minimal moving parts.

|Measurement Principles in Compression Systems

In any hydrogen compression skid, level measurement is essential for managing
auxiliary systems, such as lubrication oil reservoirs, coolant tanks, and knock-out
drums (separators). Before recommending specific hardware, it is important to
understand the physics of the measurement principles involved.

Welk Reference Guide 3



WELK REFERENCE GUIDE Hydrogen Compression

| Guided Wave Radar (GWR)

Guided Wave Radar operates on the principle of Time Domain Reflectometry
(TDR). A low-energy electromagnetic pulse is sent down a probe (waveguide).
When the pulse hits the surface of the medium, a portion of the energy is reflected
back to the transmitter.

Application in Hydrogen: GWR is highly effective in high-pressure separators
because it is independent of gas density changes. However, because hydrogen has
a low dielectric constant (er = 1.2 to 1.4 in liquid form), high-sensitivity electronics
and specialized coaxial probes are often required to ensure a strong signal return.

| Ultrasonic Level Measurement

Ultrasonic sensors emit high-frequency sound waves that reflect off the surface of
a liquid. The time-of-flight determines the distance.

Application in Hydrogen: While excellent for atmospheric water or oil tanks,
ultrasonic measurement is generally avoided in high-pressure hydrogen gas
phases. The high speed of sound in hydrogen and the extreme pressure
fluctuations can significantly distort the signal, leading to inaccuracies.

| Hydrostatic Pressure Measurement

This principle calculates the level by measuring the pressure exerted by the liquid
column at the bottom of a tank ($P =

ho gh$).

Application in Hydrogen: This is a robust method for vented or pressurized tanks.
However, in hydrogen service, the "hydrogen permeation" effect must be
considered. Hydrogen atoms can migrate through standard metal diaphragms,
leading to sensor drift or failure. Specialized gold-plated diaphragms are frequently
used to prevent this.
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The Importance of Level Control in Hydrogen
Separators

During the compression process, especially in multi-stage reciprocating systems,
hydrogen gas is often cooled between stages. This cooling can cause moisture or
residual lubricants to condense. Knock-out drums (separators) are placed after the
heat exchangers to remove these liquids.

Accurate level measurement in these separators is critical. If the liquid level
becomes too high, liquid carryover can occur, leading to "slugging" in the next
compression stage, which can cause catastrophic mechanical failure of the
compressor valves and pistons. Conversely, if the level is not monitored, the
automatic drain valves cannot function correctly.

Selection Criteria for Level Instruments in Hydrogen
Service

When specifying instrumentation for hydrogen compression projects, several
factors must be evaluated to ensure safety and longevity.

Pressure Rating Must exceed the maximum allowable working
pressure (MAWP) of the vessel, often up to
1000 bar.

Material Compatibility 316/316L Stainless Steel is standard. Avoid

high-carbon steels susceptible to hydrogen
embrittlement.

Hazardous Area Rating ATEX/IECEx Zone 0 or Zone 1 (Group IIC) is
mandatory due to hydrogen's high
flammability.

Seal Integrity Dual seal structures or hermetic
glass-to-metal seals to prevent gas migration
into the electronics housing.

Dielectric Constant For radar, the device must be capable of
measuring low-dielectric media (er < 1.5).
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| Installation and Safety Considerations

Installing level meters in hydrogen compression systems requires strict adherence
to safety protocols:

1. Hydrogen Embrittlement: Hydrogen can diffuse into the crystalline structure of
metals, making them brittle and prone to cracking. All wetted parts of the level
sensor must be made from hydrogen-compatible alloys.

2. Leak Detection: Hydrogen is a colorless, odorless gas with a very wide
flammability range (4% to 75% in air). Instrumentation should be installed with
minimal threaded connections; flanged or welded connections are preferred to
reduce leak paths.

3. Grounding: Static electricity can ignite hydrogen. Ensure all level probes and
transmitters are properly grounded to the vessel.

4. Venting: For hydrostatic or differential pressure setups, impulse lines must be
designed to prevent gas pockets, which can cause false readings.

| Limitations of Current Technologies

While modern instrumentation is highly advanced, hydrogen compression
environments present specific limitations:

Gas Phase Compensation: In high-pressure radar applications, the dense gas phase
can slow down the speed of the radar pulse. If the system does not have gas phase
compensation (using a reference distance), the level reading may appear lower
than it actually is.

Foaming: In oil-lubricated compressor separators, oil foaming can occur during
rapid depressurization. This can confuse ultrasonic and non-contact radar sensors.
Guided wave radar or magnetic level gauges are generally more resistant to foam.

| Practical Selection Table for Hydrogen Vessels
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Vessel Type Recommended Technology

Lubrication Qil Tank Ultrasonic or Radar Non-contact, easy
maintenance, low pressure.

Interstage Separator Guided Wave Radar (GWR) Handles high pressure and
varying gas densities.

Liquid Hydrogen (LH2) Differential Pressure (DP) Proven in cryogenic
Storage temperatures (-253°C).
Coolant Reservoir Hydrostatic or Float Switch Cost-effective for

water/glycol mixtures.

High-Pressure Buffer Tank Non-contact Radar No wetted parts inside the
high-pressure zone if using a
window.

| Frequently Asked Questions (FAQ)

Q: Why is hydrogen compression more difficult than natural gas compression?

A: Hydrogen has a very low density, meaning it requires more work to compress.
Additionally, its small molecular size allows it to leak through seals and permeate
metals (embrittlement) that would be perfectly suitable for methane or air.

Q: Can | use standard level switches in a hydrogen compressor skid?

A: Only if they are rated for Group IIC hazardous gases and constructed from
materials compatible with hydrogen. Many standard alloys will fail due to
embrittlement over time.

Q: How does temperature affect level measurement in these systems?

A: Compression generates significant heat. If the level sensor is located near a
discharge line, it must be rated for high process temperatures. Conversely, if
measuring liquid hydrogen, the sensor must handle cryogenic temperatures
without the electronics freezing or the seals becoming brittle.

Q: Is radar better than ultrasonic for hydrogen separators?
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A: Yes. Radar (specifically Guided Wave Radar) is generally superior because
electromagnetic waves are not affected by the gas composition or high pressure in
the way that sound waves (ultrasonic) are.

| Conclusion

Hydrogen compression is a vital process that demands high-precision
instrumentation to maintain safety and efficiency. Whether managing the
condensate in a separator or monitoring the lubrication oil in a multi-stage
compressor, selecting the right level measurement technology is a critical
engineering decision. By understanding the principles of radar, hydrostatic, and
ultrasonic measurement, and accounting for the unique properties of hydrogen,
operators can ensure the reliability of their energy infrastructure. For more
technical specifications and product details, please refer to our Main Page.
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