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Abstract

As the global energy landscape pivots toward a low-carbon future, hydrogen is emerging as a key
fuel for a net-zero emissions economy. Water electrolysis, which splits water into hydrogen and
oxygen using renewable energy, is pivotal in producing green hydrogen. Measuring the hydrogen
and oxygen content in the produced gases demands attention to detail and experience, to ensure

both the safety and efficiency of the process. Panametrics leverages decades of expertise in
sophisticated process analysis to deliver innovative sensor technology for measuring hydrogen,
oxygen, and then moisture in the final product(s). This document details how Panametrics’
advanced analyzers and turnkey systems safeguard plant operations and guarantee product
quality in the hydrogen production chain.



Introduction

The transition toward sustainable energy is replete with
challenges, but none are more pressing than ensuring

that emerging technologies operate safely and efficiently.

Hydrogen is widely recognized as the fuel of the future.
Its clean combustion process—free of direct carbon
emissions—makes it ideal for applications ranging
from fueling heavy vehicles to powering stationary fuel
cells. Yet, for hydrogen to fulfil its promise in replacing
conventional fossil fuels, its production must be both
reliable and controllable.

Water electrolysis represents a promising method

to produce green hydrogen using renewable energy
sources. The process involves splitting water molecules
(H20) into hydrogen (H2) and oxygen (02) in an
electrochemical cell. Despite the simplicity of the
process, the production plant must continually monitor
the presence of impurities and by-products to maintain
safe operation and high-purity outputs. Reliable sensor
technology is indispensable in this context.

Panametrics, a renowned leader in process analyzers,
has long provided the industry with robust solutions
designed to detect trace amounts of hydrogen, oxygen,
and moisture. Panametrics’ product portfolio—including
the XMTCpro thermal conductivity binary gas analyzer,
the oxy.IQ galvanic cell oxygen analyzer, and innovative
moisture transmitters like the HygroProll and MMY30—
ensures that every stage of the electrolysis process is
performed with uncompromising accuracy and safety.
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Water Electrolysis: The Heart of
Green Hydrogen Production

The principle of water electrolysis is straightforward yet
demands technological precision. In an electrolyzer

cell, two electrodes—immersed in an electrolyte—are
separated by a membrane. An electrical current applied
to the electrodes splits water molecules into hydrogen
and oxygen. The hydrogen formed at the cathode and
the oxygen produced at the anode are then drawn off
separately.

A critical design element is the membrane, with produced
hydrogen on one side and oxygen on the other. Cross-
over of the molecules from one side to the other could
lead to a dangerous explosive mixture. This cross-over
may be due to changes in power conditions or damage
to the membrane. This is precisely why the integrity of
measurement systems is essential for safe and efficient
hydrogen production. Process engineers, therefore, rely on
rapid and continuous measurement of the gas outputs.
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The Need for Precise Monitoring

To maintain high production standards and

safety levels, designers must deploy sensitive and
reliable instrumentation. The primary goals of these
measurement systems are threefold:

1. Safety Assurance:

Hydrogen is highly volatile. Precise measurement
ensures that any inadvertent mixing of hydrogen into the
produced oxygen remains well below the lower explosive
limit.

2. Process Efficiency:

Measuring the purity of the output gas provides
immediate feedback on the operational efficiency of the
electrolyzer. An unexpected variation in gas composition
often signals issues like membrane malfunction or
sample system breaches. Addressing these issues
promptly can minimize unplanned downtime and
optimize energy consumption during production.

3. Product Quality:

High-purity hydrogen is essential, especially when it is
destined for sensitive applications such as fuel cells or
hydrogen fueling stations. Contaminants—particularly
trace oxygen and moisture—must be kept to minimal
levels (typically below 10 parts per million) to meet
stringent quality specifications. The same is true for the
produced oxygen, when collected for use as a high purity
gas.

Panametrics’ advanced sensing solutions are engineered
to meet all these requirements with a focus on reliability,
minimal maintenance, and ease of use.

Advanced Measurement Solutions
by Panametrics

To ensure uncompromised process safety and product
quality, Panametrics offers a complete suite of sensors
and analyzers designed for demanding industrial
environments. These include:

XMTCpro Thermal Conductivity
Binary Gas Analyzer

Overview

The XMTCpro is at the forefront of monitoring hydrogen
and oxygen purity. It employs thermal conductivity-based
technology to detect the concentration of hydrogen
within an oxygen stream and vice versa. In typical
applications, measurement ranges of 0 to 5% signal
issues such as membrane malfunction or gas crossover.

Key Features

+ Intrinsically Safe Design: Certified to Safety Integrity
Level (SIL) 2, the XMTCpro is explosion-proof/flame-
proof, thus suitable for hazardous area environments.

* Robust Construction: Its rugged build and its
thermistor-based design resist shock and vibration,
making it ideal for electrolyzer system transportation
and installation.

» User-Friendly Interface: A built-in display coupled
with simple button-activated calibration ensures that
technicians can easily operate the device.

* Advanced Connectivity: MODBUS digital
communication allows the XMTCpro to be seamlessly
integrated into plant control systems, enabling real-
time data monitoring and remote diagnostics.

* Low Maintenance: The device's design minimizes
the need for frequent field calibration, reducing both
downtime and overall cost of ownership.

Applications

* Real-time Gas Monitoring: Continuous measurement
of hydrogen in the oxygen stream prevents
inadvertent crossover that could pose catastrophic
safety risks.

* Process Diagnostics: By tracking gas composition,
the analyzer aids in early detection of membrane
degradation and other system faults, thereby
optimizing the performance profile of water
electrolysis installations.
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oxy.IQ Galvanic Cell Oxygen Analyzer

Overview

Measuring residual
oxygen in the hydrogen
stream is critical to
ensure product quality.
The oxy.IQ analyzer
uses proven galvanic
fuel cell sensor
technology to detect
trace amounts of
oxygen—down to low
parts per million levels.
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Key Features

Sensitive Detection: Operates effectively across a
wide range, including both percent and ppm ranges
to meet diverse monitoring needs.

Compact Design: Its small footprint and innovative
design make installation straightforward in confined
spaces.

Intuitive User Interface: A built-in microprocessor and
keypad ensure that configuring the device is both
straightforward and flexible. Users can easily select
sensor ranges, perform calibrations, and monitor
sensor diagnostic data.

Contamination Resilience: The design minimizes
negative signal outputs and reduces the risk of sensor
contamination, ensuring long-term, dependable
operation.

Applications

Purity Assurance: By ensuring that oxygen levels
remain below the target threshold (typically under 10
ppm), the oxy.IQ helps maintain high-purity hydrogen
essential to meet customer end-use requirements.
System Integrity Monitoring: Continual oxygen
measurement acts as an early indicator for
membrane failures or leaks, prompting timely
maintenance interventions.

HygroPro" Intrinsically Safe Moisture
Transmitter

Overview

Moisture is a key contaminant
in hydrogen and is monitored
for storage, transport, and in
its downstream applications.
The HygroPro'" transmitter is
designed to deliver accurate
moisture measurements, even
in harsh industrial settings,
while integrating both moisture
and ancillary measurements
(temperature and pressure) in
one compact probe.

Key Features

Wide Measurement Range: Offers a dynamic
dew/frost point range from —110 °C to +20 °C,
accommodating measurements from ambient to
final quality measurement.

Intrinsically Safe Operation: Suitable for hazardous
areas, the transmitter is designed to ensure safety
while measuring ppb to ambient moisture levels.

Integrated Communication: With HART
communication over a 4-20 mA analog output,
the HygroPro' can be seamlessly incorporated into
existing process control networks.

Compact and Easy to Service: Its modular sensor
design facilitates rapid sensor replacement in the
field, reducing any potential downtime.

Applications

Moisture in Gas Streams: Essential for indicating the
efficiency of the dehydration process, to ensure no
downstream moisture.

Quality Control: Maintaining low moisture content
is crucial where even small quantities of water can
impact performance.
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Panametrics offers

the DewPro MMY30
moisture transmitter for
applications requiring
rapid response times and
robust performance in
dryer applications, where
a simple loop-powered
moisture transmitter will
suffice.This explosion-proof,
loop-powered transmitter
is specifically designed
for the rigorous moisture
monitoring requirements
downstream of water
electrolysis systems.

Turnkey Measurement Solutions:
The Complete Package

The produced hydrogen and oxygen streams at the outlet
of the electrolyzer are saturated with water, and as the
gases cool, liquid water can drop out. Liquid water will foul
the hydrogen and oxygen sensors. Proper and efficient
removal of the water will also impact the accuracy of

the measurements. Panametrics delivers decades of
in-house sample system design and manufacturing
expertise.

Each sensor implementation brings its own challenges
and Panametrics designs measurement system that
meet each customer’s needs. Based on this experience,
the application engineering team has designed turnkey
measurement systems that can be customized when
necessary. Several of these turnkey solutions are the
02.1Q for oxygen measurement and pro.IQ for moisture
measurement.

Key Features of Turnkey Solutions

+ Compact Stainless-Steel Enclosures: Engineered to
meet the needs of electrolyzer installations, these
systems are housed in wall-mountable packages
with NEMA 4X and IP66 ratings.

* Plug-and-Play Operation: With fully integrated
sample conditioning, these turnkey solutions offer a
simple yet effective way to manage process safety.
The design enables rapid installation and start-up.

* Enhanced Operation and Maintenance: The
ease of access to the sensor modules and the
straightforward configuration ensure that the minimal
maintenance tasks can be carried out rapidly,
reducing operational downtime.

Process Safety and Product Quality:
A Unified Approach

Panametrics’ suite of products is built on a foundation

of reliability and safety, vital for any process dealing

with gases like hydrogen. Each sensor not only provides
precise measurements but also delivers actionable
feedback to plant operators. For example, a slight
deviation in the hydrogen concentration detected by the
XMTCpro can trigger pre-emptive maintenance checks,
thereby safeguarding the system from catastrophic
failures.

Similarly, when the oxy.IQ detects unexpected oxygen
levels in the hydrogen stream, it prompts an immediate
review of the process conditions.

By integrating robust digital commmunication protocols,
such as MODBUS or HART, into these analyzers and
transmitters, Panametrics enables seamless operation
within modern industrial control systems. This
connectivity facilitates remote monitoring, diagnostics,
and even predictive maintenance strategies, allowing
operators to keep a vigilant eye on process parameters
around the clock.

A comparison in tabular form highlights the essential
features of Panametrics’ product lineup:

Key Notable
Technology | Measurement F
eatures
Rand
XMTCpro Thermal Hydrogen in SIL 2 certified,
Gas Conductivity Oxygen (0-5%)  explosion-proof,
Analyzer real-time error
detection
oxy.lQ Galvanic Fuel Trace O (ppm Compact design,
Oxygen Cell and percentage) user-friendly
Analyzer calibration,
contamination
control
HygroPro" Thin-film Al O Dew/Frost point:  Intrinsically

Transmitter  Moisture Sensor  -110°C to +20°C safe, integrated

Temperature &
Pressure sensors,

HART
DewPro Loop-powered Rapid response Explosion-proof,
Moisture Moisture in drying integral flow cell
Transmitter ~ Measurement systems for filtration
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This set of technologies not only improves measurement
accuracy but also maximizes overall system reliability,
aligning with the strategic objectives of reducing
unplanned outages and increasing operational uptime.

Panametrics: A Legacy of Quality
and Innovation

Founded in 1960, Panametrics is a globally recognized
brand synonymous with quality in moisture, oxygen,
and binary gas analysis. The company’s longstanding
commitment to innovation is evident in its continual
refinement of sensor technology. Over the decades,
Panametrics has developed patented technologies and
robust solutions that remain the gold standard in a wide
range of industries from oil and gas to healthcare and
chemical processing.

Panametrics’ focus on process safety is intertwined

with its commitment to advancing the global energy
transition. By supporting hydrogen production through
reliable measurement solutions, the company actively
contributes to international efforts aimed at reducing
greenhouse gas emissions. This dedication ensures that
every electrolyzer installation not only meets but exceeds
quality standards.

The combination of proven sensor technologies with
turnkey system solutions makes Panametrics a trusted
partner for projects that demand the highest levels of
safety, efficiency, and product quality.

Join the conversation and follow us on LinkedIn
linkedin.com/company/panametricscompany

Copyright 2026 Panametrics LLC. All rights reserved.
PANAOOIWP (05/2025)

Conclusion

In a rapidly changing energy landscape, where hydrogen
production offers a sustainable alternative to fossil

fuels, ensuring the reliability and safety of every process
is imperative. Panametrics stands at the forefront of

this industrial revolution by providing state-of-the-

art instruments and measurement systems that keep
hydrogen production both safe and efficient.

From the XMTCpro thermal conductivity based binary

gas analyzer that vigilantly monitors oxygen purity, to the
highly sensitive oxy.IQ detector and the integrated moisture
transmitters such as HygroProll and MMY30, Panametrics’
solutions are engineered for excellence. Their turnkey
systems, designed for effortless plug-and-play installation,
further simplify the challenge of maintaining process
integrity in complex electrolyzer systems.

With over six decades of experience and a legacy of
innovation, Panametrics not only meets today’s strict
measurement demands but also pioneers new ways to
harness precision technology for a greener tomorrow. By
ensuring rigorous process safety and uncompromised
product quality, Panametrics is enabling industries
around the world to confidently transition to the hydrogen
economy.

For operators and engineers tasked with managing
hydrogen production, partnering with Panametrics

means embracing a future where safety, efficiency, and
environmental stewardship go hand in hand. As the
demand for green hydrogen continues to grow, the role of
advanced measurement solutions will only become more
critical—a mission Panametrics is uniquely qualified to lead.

To explore how Panametrics can optimize your hydrogen
production process and drive operational excellence, visit
[Panametrics on Linkedin] (https://linkedin.com/company/
panametricscompany) and join a network dedicated to
advancing global process safety and quality.

This document unifies expert insights from advanced
measurement technologies with practical details on
water electrolysis and product performance, showcasing
Panametrics as the leading authority in ensuring that
hydrogen production is both safe and sustainable.
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