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Zero and low
carbon hydrogen
holds great
promise as a
decarbonization
strategy. But to
maximize its
climate benefits, it
is critical that it be
produced,
managed, and
used in a way that
minimizes
emissions.

Background

The universe’s smallest molecule, hydrogen, is a
leak-prone gas that causes climate warming. When
released through venting, purging, or unintended leaks,
it increases the concentrations of other greenhouses in
the atmosphere (i.e. methane, tropospheric ozone and
stratospheric water vapor). Like methane, hydrogen’s
warming effects are short lived, but potent: more than
35 times more powerful than carbon dioxide pound for
pound over the first 20 years after its release. Recent
studies indicate that if hydrogen emission rate ranges
from less than 1% to 20% for various components and
can severely undermine the intended benefits of
hydrogen deployment, particularly over the near term.
The international hydrogen community, including the
US Department of Energy, EU Joint Undertaking, UK

Department for Business Energy & Industrial Strategy,
and the International Energy Agency have highlighted

the importance of understanding hydrogen emissions,
underscoring the need to monitor, measure, and
mitigate leaks and releases.

What is not well understood is how much hydrogen is
released from various processes and infrastructure
types. Studies over the last 20 years suggest
emission rate ranges from less than 1% to 20% for
various components of the value chain, but this range
is highly theoretical, because there are few empirical
data on hydrogen emissions from real-world
infrastructure. Current commercial technologies are
designed to detect relatively high concentrations (at
the parts-per-million level) as those can pose a safety
risk. They do not detect the smaller “climate relevant”

emissions - at the parts-per-billion level - and they
lack the fast response necessary to enable
quantification of hydrogen plumes released from
various infrastructure.

To responsibly deploy hydrogen at scale, across major
industries, we need better understanding of hydrogen
emission rates from representative facilities and
equipment types. With the help of new hydrogen
measurement technology and experts in making trace
gas measurements, EDF is launching the first
comprehensive Hydrogen Emissions Measurement
Study in North America and Europe in 2024.

Benefits of the Hydrogen
Emissions Measurement Study
The study will quantify current emissions and
improve hydrogen infrastructure development by:

¢ Establishing a baseline understanding of how
much hydrogen is released and from where,
thereby laying the foundation for best practices
and mitigation strategies;

¢ Understanding emissions from existing
infrastructure will aid demonstration projects,
such as the Hydrogen Hubs, in the development
of infrastructure with high environmental
integrity;

e Offering insights into the effectiveness of
current safety leak repair programs to minimize
emissions, thereby supporting companies to
establish operational excellence;
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https://www.hydrogen.energy.gov/library/roadmaps-vision/clean-hydrogen-strategy-roadmap
https://publications.jrc.ec.europa.eu/repository/handle/JRC130362
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1067144/atmospheric-implications-of-increased-hydrogen-use.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1067144/atmospheric-implications-of-increased-hydrogen-use.pdf
https://www.iea.org/reports/global-hydrogen-review-2022

e Offering transparency and assurance of safety to local
communities;

e Offering assurance to governments and private sector actors
that investments in hydrogen will generate the promised climate
benefits, backed by high-quality, directly measured data; and

e Saving valuable product by minimizing unintended hydrogen losses.

The study

EDF and partners seek industry leaders to join a collaborative study
to quantify the hydrogen emission rate of various hydrogen
infrastructure. The goal is to create a foundation of empirical data
and knowledge that will inform management and decision making in
hydrogen systems.

This study will involve making measurements at new and existing
hydrogen infrastructure, using a prototype technology and
scientifically rigorous methods designed by scientists who have
decades of experience in emission measurements across sectors
and geographies. Hydrogen facility types to be studied include
fertilizer production, oil refining, methanol production, electrolysis,
refueling, pipeline distribution, on-road transportation, storage, and
others. The study aims to collect several data points for each facility
type across multiple companies to get representative hydrogen
emission rates.

Industry partners will have the opportunity to provide input into the
measurement plan and help contextualize the findings, and
participate in post-study communications. To ensure that
companies have the freedom to fully participate, data will not be
attributed to specific companies or locations, but instead will be
aggregated and generalized. Results will be released as peer-
reviewed scientific publications.

The detection technology

With Department of Energy funding, Aerodyne Research developed a
prototype instrument capable of measuring hydrogen at a level of
sensitivity and speed necessary to measure climate-relevant
emission rates. The technology is based on optical principles and
demonstrates a few seconds measurement precision of 10 ppb in
situ. Researchers from EDF worked with Aerodyne Research and
Cornell University to conduct the first field testing of this prototype in
January 2023 at Colorado State University’'s METEC facility.
Controlled-release experiments were carried out, including above-
and under-ground releases of pure hydrogen gas and hydrogen/
methane blended gas at various flow rates. The hydrogen sensor
successfully detected small enhancement of hydrogen concentration
downwind of the release point.
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The emission quantification approaches
Multiple approaches will be used to quantify hydrogen emissions
from concentration measurement: dual-tracer release and
dispersion modeling were tested using data collected at METEC. The
dual-tracer approach involves releasing two trace gases at known
rates at a facility that's emitting an unknown amount of hydrogen.
Both tracers will be measured downwind along with hydrogen
concentration, and then used as references to quantify hydrogen
emission rate. Common tracer gases include nitrous oxide and
industrial acetylene, and can be adjusted based on the safety
protocol onsite. The dispersion modeling approach will utilize wind
and temperature measurements and an inversion model developed
by scientists at Cornell University. Both approaches are scientifically
robust and proven to quantify emissions with a high level of accuracy.

Timing

The study timeline is currently in development, with a start date in

early 2024.

In-kind contributions
The study is funded by philanthropic contributions to EDF. Companies

will be asked to provide necessary staff time to ensure safe
operations and facility access as in-kind contributions.
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