Hydrogen Electrolyzer
Efficiency

A practical guide to hydrogen electrolyzer efficiency, covering the reader intent,
the relationship to hydrogen electrolyzer efficiency, key evaluation criteria,

common risks, and the information the intended project audience should confirm
before taking the next step.
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As the global industrial sector pivots toward decarbonization, green hydrogen has
emerged as a cornerstone of the energy transition. At the heart of this shift is the
water electrolyzer, a device that uses electricity to split water into hydrogen and
oxygen. For plant operators and engineers, maximizing hydrogen electrolyzer
efficiency is not merely a technical goal but a commercial necessity. High
efficiency reduces the Levelized Cost of Hydrogen (LCOH), ensures system safety,
and extends the lifespan of the electrochemical stack.

Achieving optimal efficiency requires a deep understanding of thermodynamics,
electrochemical losses, and the precise control of process variables. Among these
variables, the management of liquid levels within gas-liquid separators and
electrolyte reservoirs is critical. This article explores the technical foundations of
electrolyzer efficiency and the role of advanced instrumentation in maintaining
peak performance.

Understanding Hydrogen Electrolyzer Efficiency
Principles

To evaluate the performance of an electrolysis system, one must first define how
efficiency is measured. In industrial B2B contexts, efficiency is generally expressed
as the ratio of the energy content of the produced hydrogen to the electrical
energy consumed by the system.

| Thermodynamics and Heating Values

There are two primary benchmarks used to calculate efficiency: the Higher
Heating Value (HHV) and the Lower Heating Value (LHV).

1. HHV Efficiency: This includes the latent heat of vaporization of water. It is the
standard often used in scientific literature because it represents the total energy
input required to break the molecular bonds of water.
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2. LHV Efficiency: This excludes the energy associated with water vaporization.
Since most downstream applications (like fuel cells or combustion) do not recover
this latent heat, LHV is frequently used in commercial specifications.

A typical modern alkaline or Proton Exchange Membrane (PEM) electrolyzer
operates at an efficiency range of 60% to 80% (HHV). The energy losses that
prevent 100% efficiency primarily manifest as heat, caused by electrical resistance
in the circuit, overpotentials at the electrodes, and ionic resistance within the
electrolyte or membrane.

| Faraday’s Law and Current Efficiency

Beyond thermal efficiency, engineers must consider Faradaic efficiency (or current
efficiency). This measures how effectively the electrical current is used to produce
hydrogen. Losses here usually occur due to gas crossover—where hydrogen
molecules migrate through the membrane to the oxygen side, or vice versa. Gas
crossover not only lowers efficiency but also creates safety risks by forming
explosive mixtures. Maintaining precise pressure and liquid levels is the primary
defense against this phenomenon.

| Key Factors Influencing Electrolyzer Performance

Several operational parameters directly impact the hydrogen electrolyzer
efficiency of a system. Monitoring these factors is essential for any industrial
automation strategy.

| Current Density

Operating an electrolyzer at higher current densities increases the hydrogen
production rate per square meter of electrode but typically decreases efficiency
due to increased ohmic losses. Finding the "sweet spot" between production
volume and energy consumption is a core task for plant balancing.
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| Temperature and Pressure

Increasing the operating temperature (typically between 60°C and 90°C for
alkaline systems) improves ionic conductivity and reduces overpotential, thereby
increasing efficiency. However, higher temperatures accelerate material
degradation. Similarly, operating at elevated pressures (e.g., 30 bar to 40 bar) can
eliminate the need for external hydrogen compressors, improving overall
plant-wide efficiency even if the stack efficiency slightly decreases.

| Gas-Liquid Separation

After the electrolysis process, the resulting mixture of gas (H2 or O2) and liquid
(water or KOH solution) must be separated. If the separation is inefficient, liquid
carryover can damage downstream dryers and compressors, while gas carryback
into the stack can block electrode surfaces, significantly dropping the hydrogen
electrolyzer efficiency. This is where precise level measurement becomes
indispensable.

The Role of Level Measurement in Electrolyzer
Efficiency

Level measurement instruments are the "eyes" of the electrolyzer control system.
They ensure that the gas-liquid separators maintain the correct volume of
electrolyte to prevent gas crossover and ensure continuous flow.

| Measurement Principles

Before selecting an instrument, it is vital to understand the physics behind the
measurement:

Radar (Time Domain Reflectometry or FMCW): Radar level meters emit
electromagnetic pulses that reflect off the liquid surface. By measuring the
time-of-flight, the sensor determines the distance. This is a non-contact, highly
accurate method suitable for high-pressure environments.
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Ultrasonic: These sensors use sound waves. While effective for atmospheric water
tanks, they are less suitable for high-pressure hydrogen environments because the
speed of sound changes significantly with gas density and composition.

Hydrostatic: This method measures the pressure exerted by the liquid column. It is
a reliable, contact-based method, provided the sensor diaphragm is compatible
with the electrolyte (e.g., caustic KOH).

Magnetic Level Gauges: These use a float equipped with magnets to move an
external indicator or provide a 4-20mA signal. They provide a clear visual
reference for operators and are highly robust for high-pressure separation tanks.

For engineers seeking high-performance instrumentation, you can Review product
options and application support to find solutions tailored to hydrogen production
environments.

Selecting Level Instruments for Electrolyzer
Applications

Choosing the right technology depends on the specific type of electrolyzer
(Alkaline vs. PEM) and the operating conditions. The following table provides a
general selection framework.

| Selection Table: Level Measurement for Electrolysis
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Application Recommended Key Advantage Limitation
Technology

Alkaline Separator Magnetic Level Visual confirmation Moving parts may

(KOH) Gauge + High Pressure require maintenance

PEM Water Reservoir Guided Wave Radar High accuracy in Susceptible to heavy

small tanks foam

Deionized Water Ultrasonic Sensor Cost-effective, Not for pressurized

Storage non-contact vessels

High-Pressure H2 Radar Level Meter No contact with Higher initial

Buffer medium investment

KOH Mixing Tank Hydrostatic Simple installation Requires
Transmitter chemical-resistant

diaphragm

| Material Compatibility

In alkaline electrolysis, the electrolyte is typically a 25% to 30% potassium
hydroxide (KOH) solution, which is highly corrosive. Level sensors must utilize
materials like 316L stainless steel, Hastelloy, or PTFE (Teflon) coatings. In PEM
electrolysis, the water must remain at extremely high purity (low conductivity);
therefore, instruments must not leach ions into the process water.

| Installation and Maintenance Considerations

Proper installation is as critical as instrument selection for maintaining hydrogen
electrolyzer efficiency.

1. Stilling Wells: In separators where turbulence is high due to gas bubbling,
installing a radar sensor within a stilling well or bypass chamber can prevent signal
fluctuations and provide a stable level reading.

2. Pressure Compensation: For hydrostatic sensors, the transmitter must be a
differential pressure type to account for the high gas-phase pressure inside the
tank. Failure to compensate for this will result in massive measurement errors.
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3. Calibration: Regular calibration of level switches and transmitters ensures that
the safety interlocks (High-High and Low-Low levels) function correctly, preventing
catastrophic stack failure.

4. Mounting Position: Ensure that sensors are mounted away from the inlet flow to
avoid "false levels" caused by the kinetic energy of the incoming gas-liquid
mixture.

| Limitations and Challenges in Efficiency Monitoring

While advanced instrumentation significantly aids in optimizing efficiency, several
physical limitations remain:

Foaming: The rapid evolution of gas in the electrolyte can create foam. Some level
measurement technologies, like ultrasonic or certain radar frequencies, may
struggle to distinguish between the foam layer and the actual liquid level.

Hydrogen Permeation: Hydrogen molecules are small enough to permeate through
many metals. In high-pressure applications, this can lead to "hydrogen
embrittlement" of sensor diaphragms. Using gold-plated diaphragms is a common
industrial solution to mitigate this risk.

Variable Gas Composition: During startup or part-load operation, the gas density
inside the separator changes. This can affect the accuracy of buoyancy-based or
sound-based measurements, making radar often the preferred choice for
variable-load green hydrogen plants.

|Frequent|y Asked Questions (FAQs)

Q: How does liquid level affect Faradaic efficiency?

A: If the liquid level in the separator drops too low, gas can enter the electrolyte
return lines. This leads to gas crossover at the electrodes, which directly reduces
the Faradaic efficiency and poses a safety risk.

Q: Why is radar preferred over ultrasonic for hydrogen separators?
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A: Hydrogen gas has a very low density and high sound velocity, which fluctuates
wildly with pressure and temperature. Ultrasonic sensors, which rely on the speed
of sound, become inaccurate. Radar, using electromagnetic waves, is unaffected
by gas composition.

Q: Can | use standard stainless steel for KOH level measurement?

A: While 316L stainless steel is often used, for long-term reliability in hot,
concentrated KOH, specialized materials or coatings like PTFE are recommended
to prevent corrosion and ensure the longevity of the instrument.

Q: What is the typical power consumption for a commercial electrolyzer?

A: Most industrial systems require between 4.5 kWh to 5.5 kWh of electrical input
to produce 1 normal cubic meter (Nm?3) of hydrogen gas.

| Conclusion

Maximizing hydrogen electrolyzer efficiency is a multi-faceted challenge that
combines electrochemical science with rigorous process control. By understanding
the principles of energy loss and implementing precise level measurement
strategies, operators can ensure their systems run safely and economically.
High-quality instrumentation, such as that found on the Welk Main Page, provides
the data necessary to fine-tune these complex systems. As the hydrogen economy
scales, the integration of reliable, accurate sensors will remain a defining factor in
the success of industrial-scale green hydrogen production.



