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Abstract. This paper examines hydrogen's potential as a key energy carrier,
focusing on the challenges and advancements in its storage and control. Hydrogen’s
role in decarbonization and energy storage necessitates the development of advanced
instrumentation. The research highlights the importance of innovative sensor systems,
including polymetric sensors based on time domain reflectometry and thermal
dispersion, to ensure accurate monitoring and safety. Integrating these technologies is
vital to overcoming the technical challenges for reliable hydrogen measurement.

Keywords: instrumentation and control, hydrogen, control systems, sensors.

The Role of Hydrogen as a Potential Future Energy Carrier. The quest for
sustainable and efficient energy carriers has intensified in recent years, driven by the
need to mitigate climate change and reduce dependence on fossil fuels. As the global
energy landscape evolves, hydrogen becomes pivotal in transitioning to a cleaner and
more resilient energy system. Its unique properties as a lightweight, high-energy-
density fuel make it a prime candidate for wvarious applications, including
transportation, power generation, and industrial processes. The potential of hydrogen
as an energy carrier is further amplified by its ability to be produced from various

sources, including water through electrolysis, hydrocarbons via reforming, and as a by-
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product of nuclear and renewable energy systems [1]. Hydrogen is considered as a
critical energy vector for decarbonization.

This research aims to provide an overview of promising hydrogen production
processes as a future essential energy carrier, analyse the instrumentation and control
needs, and suggest hardware/software solutions in the context of existing/prominent
hydrogen production processes.

Hydrogen's versatility is one of its greatest strengths. It can be used directly as a
fuel in internal combustion engines, combusted in turbines, or employed in fuel cells
to generate electricity with water as the only by-product. This makes it an attractive
option for sectors that are difficult to decarbonize, such as heavy industry and long-
haul transportation [2-4]. Moreover, hydrogen can serve as a medium for storing energy
generated from intermittent renewable sources like wind and solar, addressing one of
the key challenges in integrating renewables into the energy grid. By converting surplus
electricity into hydrogen during periods of low demand, energy can be stored and
converted back into electricity or used as a fuel when demand peaks.

One of the most promising methods for hydrogen production is through the
electrolysis of water, where electrical energy is used to split water molecules into
hydrogen and oxygen. This process can be powered by renewable energy sources,
resulting in "green hydrogen," or by nuclear power plants in a co-generation mode,
often referred to as "nuclear hydrogen". The latter approach, highlighted by recent
advancements in nuclear technology, allows for the simultaneous generation of
electricity and hydrogen, offering a low-carbon and efficient pathway for hydrogen
production. This method leverages the consistent output of nuclear reactors, making it
a reliable and scalable solution for hydrogen generation. Furthermore, integrating
nuclear energy with hydrogen production can enhance the economic viability of
nuclear power by providing an additional revenue stream and stabilizing the grid with
a steady supply of electricity and hydrogen while optimizing costs for energy
production, storage, etc.

Despite its potential and the latest significant efforts and stimulations from

governments, hydrogen faces significant production, storage, and distribution



challenges. The efficiency of electrolysis, the high costs of infrastructure, and the
technical difficulties associated with storing and transporting hydrogen are critical
barriers that must be addressed. The efficiencies of current water electrolysis systems
vary from 70 to 90% [1], but the cost of electrolysis systems is still high due to the high
cost of catalysts and complex production cycle. Storage and distribution of hydrogen
also require specialized infrastructure due to its physical properties.

However, the latest advancements in the field and solutions open diverse
perspectives for the maritime industry (one of the hardest to decarbonize). As an
example, one of the concepts of a hydrogen generation hub (platform) is demonstrated

in Figure 1:
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Fig. 1 — Hydrogen Production System Configured for Offshore Wind Farm [1]

Two key concerns need to be highlighted: 1) A wide range of system
configurations and options are being proposed, with many still in the testing phase ([4]
provides an example). 2) Hydrogen can be used directly in chemical processes or
combined with CO: to produce substitutes for fossil fuels, such as methane, methanol,
ethane, and ammonia, which are easier to store and transport.

Rigorous control of all associated processes is a significant challenge in
improving hydrogen production efficiency and ensuring safety. Reliable measurement
instrumentation is crucial across the hydrogen value chain, from production to storage
and end-use. Hydrogen storage and distribution presents unique challenges, whether as

compressed gas at high pressures (350-700 bar) or as cryogenic liquid at extremely low



temperatures (-253°C). Both methods require stringent safety protocols, including the
control of key parameters like pressure, temperature, and liquid levels (for cryogenic
storage). Ensuring proper leak detection is also vital to prevent explosive hazards.
Advances in sensing technologies, materials science, and cryogenics are
essential for the safe and efficient storage and handling of hydrogen. Figure 2 illustrates
the structure of a proposed instrumentation system for monitoring hydrogen storage,
whether liquid or gaseous: 1 — thermally isolated reservoir; 2,3 — liquid and gaseous
hydrogen; 4 — reservoir inlet/outlets; 5 — pressure sensor for leakage and insulation
integrity; 6 — overfill level sensor; 7 — multiparameter sensor head for temperature
gradient and level measurement; 8§ — temperature sensing elements; 9 — differential
pressure sensor for hydrogen level/mass calculation; 10 — wiring lines; 11 — electrical

cabinet for signal acquisition.
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Fig. 2 — Instrumentation for Control of the Tank with Liquid/Gaseous Hydrogen

The system also monitors absolute pressure in the reservoir and can include
inlet/outlet valve position sensors, flow sensors, and flow meters. Coriolis meters, in
combination with the level sensors similar to the solution described in [5], provide
accurate measurements of hydrogen transferred. The red dotted line in Fig. 2 indicates
the boundary between the potentially explosive atmosphere and the zone with the

electrical cabinet used for signal acquisition and sensor power (normal conditions).



A key engineering challenge is the continuous level measurement of generated
and pressurized hydrogen/oxygen. Among the available measurement techniques [6],
only a few are suitable due to the specific requirements of measuring gaseous and liquid
hydrogen at low temperatures. The hydrostatic principle, based on differential pressure
measurement, is the most common and straightforward method.

A critical future research direction involves the development of advanced
sensing techniques such as polymetric sensing [7-8] based on Time Domain
Reflectometry (TDR) and thermal dispersion techniques [9], both of which are
applicable to a wide range of liquids and gases. The integration of these methods has
the potential to create a highly intelligent sensor system, where TDR provides
continuous level measurement and temperature diagnostics, while thermal dispersion
serves as a reliable alternative in challenging conditions with low reflectivity.
Furthermore, optimizing the design of waveguides and sensing elements for low-
reflectivity liquids and high-loss gaseous phases presents a pivotal second research
direction, poised to enhance the precision and reliability of hydrogen measurement
systems.

Conclusions. Governments, industries, and researchers worldwide increasingly
recognize hydrogen's role as a versatile, clean, and efficient energy carrier. However,
realizing its full potential requires significant advancements in hydrogen production,
storage, and distribution technologies. Particularly, innovation in instrumentation and
control systems is essential for ensuring safe and efficient hydrogen processes. As the
industry progresses, the development of advanced sensor systems and optimized
measurement techniques will be crucial in overcoming current technical challenges and
enabling hydrogen to become a cornerstone of the future energy landscape.
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AHorania. HaBeneHo ornisin JOCHiKEHHS MOTEHIIATy BOJHIO SIK KJIFOUOBOTO
€HepreTUYHOTO HOCISA, 30CEPEKYIOUMCh Ha BHUKIMKAX Ta JOCATHEHHAX y MOro
30epiranHi Ta KOHTpoJi. Posib BOJHIO y lekapOoHi3alii Ta 30epiranHi eHeprii BUMarae
PO3pOOKH BIOCKOHAJIGHOT'O MPHIAA0BOro 3abe3nedeHHs. JIOoCHiKeHHs MiAKPECIIOE
BA)KJIMBICTh IHHOBAIITHUX CEHCOPHUX CHUCTEM, 30KpeMa MOJIIMETPUYHUX CEHCOPIB Ha
OCHOBI1 pedekToMeTpii y obiacTi yacy 1 TepManbHOI aucriepcii. [HTerparis 1mux
TEXHOJIOTIH IMABUIIUTh HAIIMHICT, BHUMIPIOBAaHHS BOJHIO, Ta J03BOJUTH OTPHUMATH
MIPUHIIMIIOBO HOBI SIKOCTI CEHCOPIB, MOAOJIATH TEXHIYHI BUKIIMKH Y BUMIPIOBAaHHSX B

THIIINX TaTy3sX.

KuarouoBi cjioBa: iHCTpyMEHTaJbHE 3a0€3lEeUeHHS Ta KOHTPOJb, BOJICHb,

CUCTCMHU KOHTPOJIIO, CCHCOPH.
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