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6.3 | Challenges and Solutions:  
Metrology for Large-Scale Hydrogen 
Storage in Geological Reservoirs

Requirements for measurement results arise from 
various aspects, including:

	- Technical specifications mandated by the stor-
age operator to ensure storage integrity and 
operational processes.

	- Criteria outlined by gas providers for acceptance.

	- Fiscal and financial considerations.

Hydrogen exhibits notable differences from meth-
ane in terms of viscosity, density, and calorific value. 
Moreover, its explosive nature necessitates adherence 
to safety protocols akin to those for natural gas. This 
underscores the importance of minimizing emissions 
during measurements.

Measurements can be conducted either in-line (e.g., 
H2O) or separately post-depressurization in a dedi-
cated measuring facility (e.g., gas chromatography 
measurements). Presently, there is no predefined 
technical standardization for measurements, and 
assessing components is often optional. Unlike nat-
ural gas UGSs, where site-specific measurements 
are commonplace, standardisation is challenging 
due to the diverse range of products.

Water content or water vapor dew point after gas 
drying is typically the standard measurement for 
natural gas UGS. Gas chromatographs, capable of 
assessing 11 or 16 components and calculating 
combustion parameters, are employed for quality 
checks. However, hydrogen is not routinely meas-
ured. Occasional measurements include:

	- Oxygen levels, especially at the storage facility 
entrance.

	- Sulfur compounds.

	- Hydrocarbon condensation point.

UGS gas treatment involves gas drying and occa-
sionally hydrocarbon dew point adjustment through 
cooling or silica gel adsorption. Desulfurization is 
typically unnecessary in natural gas UGS, except in 
cases of microbiological processes during under-
ground storage.

Beyond oxygen, measuring sulfur compounds be-
comes technically necessary. Discussion surrounds 
the potential measurement of hydrocarbons (glycols, 
blanket, etc.), with uncertainties regarding gas treat-
ment possibilities. Laboratory-based measurement 
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of these long-chain hydrocarbons may be consid-
ered after enrichment sampling.

Within the framework of Work Package 5 in the Mef-
HySto project, the emphasis was placed on specific 
components and substance categories. This encom-
passed the measurement of trace compounds in 
hydrogen, assessment of water content, and consid-
eration of thermodynamic factors.

An inquiry was conducted to assess whether the 
utilization of a GC-BID1, an exceptionally sensitive 
detector, could effectively reduce detection limits 
for gases and hydrocarbons, thereby validating its 
capabilities. Table 1 shows the detection limits for 
selected compounds achieved through the appli-
cation of this advanced detector. The investigation 
aimed to ascertain if the deployment of a GC-BID, 
a novel and highly sensitive detector, could lower 
the detection limits for gases and hydrocarbons, 
enabling a thorough analysis of the stringent re-
quirement for high-purity hydrogen. This hypothesis 
was substantiated. The ensuing table illustrates the 
detection limits of various compounds using this 
innovative detector.

Analyt Limit of detection 
(ppm)

Hydrogen 0.1

Argon 1.2

Oxygen 1.1

Nitrogen 1.9

Methane 0.03

Carbon monoxide 0.1

Table 1: Detection limits for selected compounds

1	 Gas Chromatograph with Barrier Ionization  
Discharge detector
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The water content was measured based on pressure 
and the defined dew point, with correction values 
determined using Hardy's formulae. Within the 
MefHySto project, emphasis was placed on simu-
lating the mixing process of hydrogen and methane. 
Various mixture mass compositions were tested, 
including ratios of 50:50 and 80:20.

Figure 12 illustrates the hydrogen volume fraction 
in the streamwise direction at the central axis of the 
pipeline (depicted in green), as well as at 25% (red) 
and 75% (blue) height of the pipeline. In this scenario, 
simulations were conducted for a 50D long pipe at a 
pressure of 5 bar, considering both a 50:50 initial hy-
drogen/methane mixture (a) and an 80:20 mixture (b).

Figure 12: Hydrogen volume fraction in the streamwise direction

Figure 11: Deviations measured in gas moisture measuring device

On one hand, this process facilitated the verification 
of user requirements for high-quality hydrogen, as 
well as the monitoring of any potential introduction 
of components from the storage tank into the hydro-
gen. The introduction of water into all gases, due to 
geological reasons, necessitates the drying of gases 
and careful control of their water content. Within 
the project, NPL conducted measurements on the 
saturation of hydrogen and hydrogen/natural gas 
mixtures with water. Simultaneously, sensors were 
tested in these gases.

Figure 11 illustrates deviations observed in a gas 
moisture measuring device. These discrepancies 
can be rectified through an adjusted calibration,  
specifically calibrated at the appropriate pressure.  
In summary, it was observed that existing sensors 
are capable of accurately measuring the dew point 
in hydrogen when appropriately calibrated.
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Find out more in the final project reports under:

Metrology for Hydrogen Quality 
from Electrical Energy Storage 
(HEES) by Hydrogen Back Con-
version (Gas-to-Power)
https://mefhysto.eu/mefhysto-d7/

Large-Scale Storage of Gases 
in Geological Storage Facilities
https://mefhysto.eu/mefhysto-d8/

Figure 13: Simulation for solubility of n-dodecane in methane, hydrogen, and nitrogen

Observations revealed that, as a result of the diffu-
sion process, hydrogen was effectively distributed 
throughout the entire space within the pipe, with no 
discernible stratification observed over a timeframe 
spanning 2,000 seconds. These findings align with 
theoretical considerations and support the assertion 
that gravity segregation is not a significant factor 
for hydrogen-methane mixtures within reasonable 
dimensions and timeframes.

The technical relevance of hydrocarbon solubility 
in hydrogen was explored. Simulation studies were 
conducted utilizing thermodynamic programs to 
assess the solubility of different hydrocarbons in 
hydrogen and other gases, as shown in Figure 13. 
Solubility in methane significantly increases with 
increasing pressure at 50 bar and higher. It remains 
at a concentration level below 20 ppm for hydrogen 
and nitrogen.
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The European project focused on addressing the 
imperative need for large-scale energy storage solu-
tions, particularly through the utilization of hydrogen. 
With the fluctuation of renewable energy sources, 
the project's primary aim was to ensure metrological 
traceability and provide validated techniques and 
reference standards for hydrogen storage across 
the entire supply chain—from water electrolysis 
(power-to-hydrogen) to storage in various forms (re-
versible chemical, cryogenic, and underground gas 
storage) and finally to its conversion back into power 
via fuel cells.

The project's achievements include:

	- Advanced Measurement Techniques: The 
development of new measurement methods 
for key impurities (water vapor and oxygen) in 
hydrogen production through electrolysis. This 
included a metrologically compatible laser spec-
trometer based on cavity ring-down spectros-
copy (CRDS) for determining trace humidity in 
hydrogen.

	- Thermophysical Property Data: High-precision 
traceable measurements of thermophysical 
properties, such as density and phase equilibria, 
feeding into improved reference equations of 
state (EoS) for hydrogen-enriched natural gases. 
This ensured accurate determination of calorific 
values for energy metering.

	- Fuel Cell Performance and Reliability: Compre-
hensive studies on the impact of contaminants 
on proton-exchange membrane fuel cells, pro-
viding specifications and recommendations for 
air quality sensors and improving protocols for 
gas sampling and gas quality measurement.

	- Reversible Hydrogen Storage: Development of 
validated methods for measuring thermal con-
ductivity and hydrogen absorption in materials 

like metal hydrides and cryogenic adsorbents. 
This included an interlaboratory comparison that 
identified ZIF-8 as a suitable reference material 
for hydrogen storage.

	- Large-Scale Storage Solutions: Addressed 
metrological and thermodynamic issues related 
to underground gas storage (UGS) and the 
transition of these systems from natural gas to 
hydrogen. This involved defining relevant impu-
rities and developing measurement protocols 
adaptable for field conditions.

7.1 | Future Opportunities for Further 
Research and Development

While the project achieved its determined mile-
stones, several areas present opportunities for 
further research and development:

	- Enhanced Measurement Accuracy: Further 
refining measurement techniques for detect-
ing impurities in hydrogen and improving the 
sensitivity and reliability of these methods under 
varying operational conditions will ensure even 
greater precision and safety in hydrogen storage 
and utilization.

	- Advanced Materials for Storage: Exploration of 
new materials for hydrogen storage, including 
innovative metal hydrides and porous materials, 
could offer higher storage capacities and better 
efficiency. Research into the dynamic behaviors 
and long-term stability of these materials is 
essential.

	- Integration with Renewable Energy Systems: 
Developing robust systems that seamlessly 
integrate hydrogen production, storage, and 
conversion with renewable energy sources like 

7	� Outlook
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wind and solar power. This involves optimizing 
the intermittent operation of electrolysis and 
enhancing the efficiency of energy conversion 
processes.

	- Environmental and Economic Impact Studies: 
Conducting comprehensive studies to under-
stand the long-term environmental and econom-
ic impacts of large-scale hydrogen storage and 
its role in the broader energy infrastructure. This 
includes life-cycle assessments and cost-benefit 
analyses of different hydrogen storage technol-
ogies.

	- Safety and Standardization: Ongoing efforts to 
standardize measurement methods and safety 
protocols across different regions and applica-
tions. Collaboration with international stand-
ardisation bodies to harmonize regulations and 
guidelines will be crucial for the global adoption 
of hydrogen technologies.

7.2 | Continued Collaboration  
and Knowledge Sharing Among  
Stakeholders

To ensure the sustained growth and development of 
hydrogen storage technologies, ongoing collabora-
tion and knowledge sharing among stakeholders are 
vital. Key aspects that still require focused efforts 
include:

	- Cross-Disciplinary Research: Promoting col-
laboration between researchers in metrology, 
materials science, engineering, and environmen-
tal science to address complex challenges in 
hydrogen storage and utilization. Joint research 
projects and interdisciplinary conferences can 
facilitate the exchange of ideas and innovations.
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	- Industry-Academia Partnerships: Strength-
ening partnerships between academic institu-
tions and industry players to translate research 
findings into practical applications. This includes 
pilot projects, technology transfer agreements, 
and collaborative development of new hydrogen 
storage solutions.

	- Policy and Regulatory Support: Engaging with 
policymakers to advocate for supportive regu-
lations and incentives that promote the adop-
tion of hydrogen technologies. This involves 
providing evidence-based recommendations 
and participating in policy dialogues to shape a 
conducive regulatory environment.

	- Public Awareness and Education: Raising 
awareness about the benefits and challenges of 
hydrogen storage through public outreach and 
educational programs. Informing the general 
public and stakeholders about the role of hydro-
gen in achieving sustainable energy goals will 
garner broader support and investment.

	- Continuous Improvement and Feedback: Es-
tablishing mechanisms for continuous feedback 
and improvement of measurement techniques 
and standards. This includes regular updates 
to guidelines based on new research findings, 
industry feedback, and technological advance-
ments.

By addressing these aspects, stakeholders can 
ensure that the advancements made in hydrogen 
storage technology are effectively leveraged to build 
a sustainable and resilient energy future.
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