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March 3, 2025

Sarah Moore, Project Manager

Office of Clean Energy Demonstrations
U.S. Department of Energy

1000 Independence Ave SW
Washington, D.C. 20585

Re: Comments by Clean Energy Group regarding Notice of Intent to Prepare an Environmental
Impact Statement (EIS) for the Appalachian Hydrogen Hub; Department of Energy (DOE)
Docket DOE-HQ-2024-0082.

Dear Ms. Moore,

Clean Energy Group (CEG), a national nonprofit organization that works to provide innovative technical,
economic and policy solutions to enable communities to participate equitably in the clean energy
transition, is pleased to provide these comments in response to the Department of Energy’s (DOE) notice
of intent to prepare an Environmental Impact Statement (EIS) for the Appalachian Hydrogen Hub also
known as the Appalachian Regional Clean Hydrogen Hub (ARCH2). These comments reflect the position
of CEG and do not necessarily reflect the positions of CEG’s partner organizations or funders.

For the past four years, CEG has worked extensively with environmental justice and community-based
partners on hydrogen issues. Through its national Hydrogen Information and Public Education initiative,
CEG is working to counter misinformation regarding hydrogen by developing a repository of research
and information on the viability of issues related to the production and use of hydrogen. In addition,
through this initiative, CEG supports the work of frontline organizations to understand and critically
evaluate how hydrogen production may benefit or harm their communities.

The development of the Appalachian Hydrogen Hub and the scope of this environmental impact
statement will have wide ranging implications for the evaluation of federally funded hydrogen projects
moving forward. Ensuring that the environmental impact of ARCH2 is accurately evaluated is crucial in
developing a hydrogen economy that supports, rather than hinders, vital decarbonization efforts, and
minimizes harm to environmental justice communities. An analysis of the chemical properties of
hydrogen and how it interacts with surrounding materials and the atmosphere, as well as an examination
of production methods and end uses proposed by ARCH2, will be necessary in determining the best path
forward for this regional hub.

EIS Comment Deadline

First and foremost, we urge DOE to extend the deadline for comments on the proposed scope of the EIS
by another 60 days. ARCH2 has provided limited information on the scope and locations of the proposed
projects, leading to a lack of community knowledge and awareness of the potential environmental impact
of the development of this hub. Extending the comment period would allow more time for crucial
information to be released that would inform community engagement and education around the
environmental impact statement.
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All three in person scoping meetings for this EIS process have been cancelled, one scheduled for
February 5" in Pennsylvania, one scheduled for February 12" in Ohio, and one scheduled for February
13" in West Virginia. These meetings would have provided an opportunity for community members to
provide input, an important step in the process. Extending the deadline for comments would be a step in
the right direction to ensure that all voices be heard and incorporated into the scope.

Hydrogen’s Global Warming Potential

While hydrogen does not produce carbon dioxide (CO2) when combusted, the rapid expansion of a
hydrogen economy could still exacerbate global warming. Hydrogen interacts with the atmosphere in four
main ways: 1) it extends the lifetime of methane in the atmosphere; 2) it increases the production of
ozone; 3) it increases the production of stratospheric water; and 4) it alters the production of certain
aerosols. These atmospheric effects culminate in an extreme global warming potential, nearly 12 times
that of CO2 over 100 years after release. When looking at a time scale of 20 years, hydrogen contributes
to climate warming 35 times more than CO2.! Venting hydrogen is part of standard industry safety
practices during the production, transportation, and storage of this gas, and understanding the effects of
introducing hydrogen into the atmosphere through these practices is imperative to analyzing the climate
impacts of increased hydrogen production and use through the Pacific Northwest Hydrogen Hub.

In addition to purposeful venting of hydrogen into the atmosphere, hydrogen will be introduced into the
atmosphere through unintentional leakage. Due to its small molecular size and low density, hydrogen gas
is highly prone to leakage. While exact data on leakage is limited, many models have pointed to the
necessity for leakage rates to be kept at a minimum as hydrogen production and use increases to mitigate
the climate warming effects.? Leak detection for hydrogen is a nascent technology, still being developed
and refined, and relying on this limited data could underestimate the true climate warming effects of
hydrogen production and use.?

ARCH?2 has stated that it plans to produce 1,500 metric tons per day (mtpd) of hydrogen.* The impact of
intentional and unintentional release of hydrogen into the atmosphere through industry standard venting
and inevitable leakage while producing and offtaking this 1,500 mtpd of hydrogen could have far
reaching consequences for the climate and must be included in the scope of the EIS.

Hydrogen Safety

Hydrogen’s chemical properties increase the safety risks from leaks and ignition. Hydrogen has a wide
ignition range and burns hotter than the most utilized and studied flammable gas, methane. When it
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ignites, hydrogen flames are invisible during the daytime.> Additionally, there are no commercially
available odorants for hydrogen, an odorless gas, that could aid crucial leak detection, especially around
workers and customers.® The properties of hydrogen flames paired with inadequate leak detection
technology make the production and transportation of this gas of particular concern.

ARCH2 has proposed the use of hydrogen combustion for power generation.” When combusted,
hydrogen produces on average six times as much NOx as methane.® NOx pollution is a public health
hazard that does significant damage to the respiratory system over time. Many frontline communities
located near existing heavily polluting power plants or existing oil and gas production sites have
developed serious health disparities due to overexposure to NOx. These impacts are not limited to areas
where production or combustion takes place, and adverse health impacts are seen even when NOx
emissions are within permitted limits.

Existing NOx emissions control technologies, such as using a catalytic reaction, diluting the fuel mix with
water or steam, or using newer low-NOx technology such as a dry low NOx (DLN) combustion system,
are not equipped to handle higher blends of hydrogen and natural gas. During a pilot hydrogen blending
demonstration at NYPA’s Brentwood facility, NOx emissions increased as much as 24 percent as the
fraction of hydrogen increased. To keep NOx emissions within permitted limits, the plant had to
significantly increase water consumption.® At best, in newer turbines developed to successfully combust
100 percent hydrogen while deploying NOx emissions control technologies, NOx emissions remain like
that of a newer natural gas plant.’® Environmental justice communities are already seeing adverse health
impacts from NOx emissions at these levels, and introducing a new source of NOx emissions could have
devastating effects.

When combusting hydrogen in gas turbines, special consideration must be made to the interaction of
hydrogen with typical turbine materials. Hydrogen corrodes metals through a process called hydrogen
embrittlement (HE), where hydrogen diffuses into the alloy and combines with carbon to form methane,
which then creates crack in the metal. Exposure to hydrogen can result in a decreased resistance to
fracture and an exacerbation of the existing flaws in steel and other types of metal.!* The nickel-based
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alloy that typically comprise gas turbine blades are particularly susceptible.*? Corrosion of these
components due to the introduction of hydrogen could result in safety failures and a decrease in turbine
durability.

For decades the Appalachian region has been the site of energy extraction processes like coal mining and
natural gas fracking that have exposed residents to extreme levels of air and water pollution, and
introducing new sources of air pollution through hydrogen combustion for power generation would have
grave implications for one of America’s most impoverished regions.

Blue Hydrogen Production

ARCH2 intends to produce the majority of the 1,500 mtpd of hydrogen through fossil fuels paired with
carbon capture and storage (CCS), also known as blue hydrogen. Fugitive methane emissions during the
production of blue hydrogen greatly increase its greenhouse gas footprint, and in some cases, it produces
more greenhouse gas emissions than natural gas use.® The production of blue hydrogen is also very water
intensive, consuming more than 1.5 million gallons of water for an average plant.**

CCS is a technology that has not been proven at scale as existing CCS projects do not meet their target
CO2 capture goals, and estimates of emissions reductions are inflated.’> Additionally, CCS projects
employ carbon dioxide pipelines that lead to long term storage. These pipelines can leak and even rupture,
emitting climate warming gases and potentially poison surrounding residents as seen in the Satartia, Ml
pipeline rupture.’® Instead of evaluating target claims, DOE must evaluate the realistic emissions from
blue hydrogen production at the Appalachian hydrogen hub.

In order to produce blue hydrogen, ARCH2 will need a steady supply of fossil fuels. Appalachia is a
center for much of the nation's fracking industry, and decades of air and water pollution has contributed to
the severe health disparities present in the area. The region’s hydrogen hub will perpetuate these harms
through its proliferation of blue hydrogen. The cumulative effects of decades of harm coupled with a new
demand for fossil fuels must be evaluated as the hub moves forward.!’

The societal, health, and climate implications of fracking and fossil fuel extraction must be included in
any evaluation of this hub. We urge the DOE to analyze the effects of the fracking and fossil fuel
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extraction needed to produce the feedstock for blue hydrogen projects including air and water pollution,
emissions from extraction and leakage, and well as the historic impacts of the fracking industry on nearby
communities.

Hydrogen Liquefaction, Storage and Transport

Development plans proposed for ARCHES include the production, storage, and transport of liquid
hydrogen.*® Hydrogen liquefaction is a very energy intensive process. Hydrogen transforms into a liquid
from a gas at —253 degrees Celsius, a much lower temperature than other liquid fuels, so more energy is
needed for the conversion and to maintain the liquid state of hydrogen. To convert ~12,000L of gaseous
hydrogen into ~14L liquid hydrogen (both equaling 1kg), around 13.8 kWh of energy is used.®

Storing and transporting liquid hydrogen provides novel issues. Through the duration of time that the
liquid hydrogen is stored and transported, one to five percent of the liquid will evaporate into gas per day.
Allowing this expanded hydrogen gas to remain in storage containers with liquid hydrogen would lead to
explosions, so it is industry practice to vent this hydrogen gas into the atmosphere.?’ This extensive
venting practice will have major implications for the climate due to hydrogen’s global warming effects
and must be taken into consideration during an environmental evaluation.

Hydrogen Blending

One of the projects currently identified for ARCH2 includes blending hydrogen into natural gas pipelines.
As previously discussed, hydrogen creates cracks in steel and iron pipelines through hydrogen
embrittlement (HE) and permeates through plastic pipelines, increasing the risk of hydrogen accumulation
and explosion as well as leakage of hydrogen and methane into the atmosphere. A recent report done for
the Pipeline Safety Trust fully details the safety hazards present when blending hydrogen with natural gas,
including the corrosion of pipelines leading to potential rupture, hydrogen’s increased flammability and
wide ignition range compared to natural gas, and the lack of safety assessment tools available for
hydrogen.?! Leaks from natural gas pipelines are consistently undercounted and injecting hydrogen into
these pipelines would only increase the leakage rates for both hydrogen and methane.?

In addition to the safety hazards of blending extremely flammable hydrogen gas with natural gas into the
natural gas pipelines, the health implications of combusting hydrogen in end-use appliances like furnaces
and stoves must be evaluated. As previously described, burning hydrogen results in six times more
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nitrogen oxides (NOXx) than natural gas. The increase of this harmful air pollutant would result in negative
health impacts for natural gas customers as NOx emissions cause severe damage to respiratory systems.?

HE is an issue across the production, transportation, storage, and end use of hydrogen, regardless of its
point of injection into the natural gas supply chain. Increased scrutiny must be paid to the types of metals
and materials used throughout the hydrogen supply chain to prevent corrosion, decreased fracture
resistance, and accelerated degradation of transportation and storage materials. ARCH2 has proposed
dedicated hydrogen pipelines to transport the fuel to various end uses, and the development of hydrogen
storage facilities, making it imperative that the materials used for this infrastructure are not susceptible to
hydrogen embrittlement, lattice dilation, or permeation. Negative interactions with these materials could
lead to increased leakage, hazardous explosions, and decreased infrastructure longevity.

Ammonia Production

Another intended end use of hydrogen proposed within the Appalachian hub is its use in the production of
ammonia. Ammonia production exacerbates PM2.5 air pollution, frequently identified as the most
harmful air pollutant, leading to chronic respiratory illnesses and premature death.?* Ammonia breaks
down into nitrogen dioxide, which in excess damages ecosystems and contributes to smog and acid rain.?
Leakage estimates from the ammonia supply chain range from 2.6% to 6%, greatly increasing the
prevalence of reactive nitrogen and the potential for health and ecosystem harm.?

The Environmental Impact Statement is an important step in evaluating the consequences of a fully
developed ARCH2 hub. As the hydrogen economy proliferates, it is crucial that all environmental and
social harms related to hydrogen production and use at ARCH2 be investigated. The impacts of the
proposed projects for the Appalachian Hydrogen Hub do not start and end at the production of hydrogen.
Impacts related to the production of the feedstock for hydrogen and relevant demand increases and the
implications of the end uses proposed throughout this region must be included in a full evaluation.

In conclusion, CEG urges the DOE to analyze and evaluate impacts including but not limited to the global
warming effects of venting and leaking hydrogen into the atmosphere, increased NOx emissions from
hydrogen combustion, flammability of hydrogen, emissions and water use related to blue hydrogen
production, hydrogen liguefaction, hydrogen blending, and the exacerbation of historic harms from fossil
fuel production in the region. These issues could have grave consequences for the health and safety of
Appalachians and broader decarbonization goals within the region, and the EIS is an opportunity to
ensure the most just and effective path forward.

We would welcome a conversation to discuss these issues further if that is of interest.
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