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ABOUT ENERGY INNOVATION

Energy Innovation Policy & Technology LLC is a non-partisan energy and climate policy
think tank. We provide customized research and policy analysis to decision-makers to
support policy design that reduces emissions at the speed and scale required for a safe
climate future.

ABOUT THE REGULATORY ENERGY TRANSITION
ACCELERATOR

The Regulatory Energy Transition Accelerator (RETA) is an initiative to enhance the
capacity of regulators to increase the speed of the clean energy transitions. It works
directly with energy regulators in order to facilitate knowledge sharing, peer to peer
learning, and thought leadership on regulatory issues. It acts as well as a central
resource for regulators to seek knowledge products and regulatory tools that can help
mitigate challenges regulators face when trying to regulate for the sustainable,
affordable, and secure energy systems of the future. The Accelerator was launched in
2021 at COP26 by Ofgem, the International Energy Agency (IEA), the International
Renewable Energy Agency (IRENA), the World Bank, RMI, Energy Innovation, and
Regulatory Assistance Project (RAP) along with regulators from around the world as
part of the Green Grids Initiative.
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EXECUTIVE SUMMARY

At least 74 countries have released national strategies or roadmaps on hydrogen.!
These plans recognize that low-emissions hydrogen—a gaseous molecule produced in
a manner that emits relatively little climate pollution and used as a chemical feedstock
and energy carrier—is important to solving climate change. It also offers opportunities
for governments to improve industrial competitiveness, innovate and invest in their
energy sectors, and enhance national security. However, these plans are running up
against economic and technological realities, often first in energy regulation.

Energy regulators who oversee electricity and gas networks, wholesale markets, and
retail markets take these plans or policy targets and have to dig several layers deeper
into implementation. A common realization, and perhaps the central challenge, is that
the future of hydrogen is highly uncertain. The International Energy Agency's (IEA)
recent change to its low-emissions hydrogen demand forecast for 2050 exemplifies this
uncertainty: It fell by nearly a quarter from its 2021 to its 2024 Net Zero Emissions by
2050 (NZE) Scenarios to 401 million metric tons (MMT), and various organizations' 2050
hydrogen demand forecasts differ by more than 200 MMT 2

While low-emissions hydrogen can develop a new clean industrial base that serves and
decarbonizes myriad end uses, it is difficult to actually reduce emissions from hydrogen
production, and it competes in each sector with other clean technologies on their own
learning paths. A complex range of possibilities emerges that depends heavily on
policy, technology, and economics. On one hand, reaching net-zero emissions requires
decarbonizing and likely vastly increasing hydrogen production. On the other,
mismanaged hydrogen production can fail to adequately reduce—and even worsen—
climate pollution, and hydrogen is not well suited as an energy carrier in many of the
areas in which it is being considered. Ultimately, hydrogen policy goals are not good
indicators of real-world demand, as buyers seek a cost-effective, low-emissions product.

A quandary lies at the center of regulating energy under ambitious hydrogen policy:
Regulators risk approving investments that will be stranded and saddling customers
with the bill if they are too bullish, but they can also stifle needed growth in hydrogen
development if they are too reactive. Regulators can differentiate hype from reality by
starting now to think through and plan for the many ways low-emissions hydrogen'’s
production and use may affect regulated energy systems. The uncertainty of future
demand complicates regulators’ jobs as they oversee existing electricity and gas
networks and assess regulated companies’ role in delivering hydrogen to chemical
producers, industrial factories, and other end-users seeking to reduce their climate
impacts. To enable this future, regulators need to develop and reinforce technical
capabilities on hydrogen and learn from one another about emerging best practices.

To assist regulators grappling with hydrogen's role in future energy systems, Energy
Innovation and the Regulatory Energy Transition Accelerator (RETA) co-convened two
discussions with regulators from around the globe. The sessions focused on regulators’

Energy Innovation



6

experiences and decisions regarding low-emissions hydrogen, as well as regulatory
peer-to-peer discussions to identify common issues and research needs. The
workshops made clear that there is a need to develop proactive approaches that
balance meeting hydrogen policy goals with regulators’ remit to ensure affordable,
reliable, and safe energy services for all customers.

This paper provides energy regulators with a primer on hydrogen regulatory
considerations as well as a strategic framework to begin developing the right approach
for their jurisdictional context. We provide an overview of issues and give examples of
regulatory responses within energy regulators’' purview, including recommendations
to address specific questions and priorities related to hydrogen. We also shed light on
public policy considerations that will impact regulatory decisions but are outside of
most energy regulators’ scope. Finally, we offer a brief topical research bibliography in
Appendix A and additional background information on hydrogen in Appendix B.

Figure 1. Overview of hydrogen regulatory issues
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While most energy regulators only have jurisdiction over the “issues in energy regulators’
purview,” they can make smarter decisions on these issues by widening their aperture of
awareness to consider—and coordinate with other agencies and authorities on—these “other
issues affecting hydrogen’s growth” that may fall outside of their direct decision-making power.

Four issue areas will directly affect energy regulators: electricity system regulation, gas
system regulation, hydrogen pipeline and distribution network regulation, and safety
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regulation. Different regulators’ interaction with these issues will vary depending on
their mandates and contexts. For instance, some regulators have more legislated
authority than others to regulate hydrogen-related activities.

Electricity systems under regulators’ jurisdiction are most likely to encounter
hydrogen as new electricity demand via electrolytic hydrogen production, as well as a
potential source of demand flexibility and seasonal energy storage that collectively
complements wind and solar generation. Even with strong policy support, hydrogen
demand is highly uncertain, complicating the task of planning infrastructure to power
hydrogen electrolyzers. Regulators will also want to consider electricity pricing
schemes that encourage electrolyzers to operate flexibly while ensuring large
consumers pay their fair share—benefiting the overall system. Finally, hydrogen will
have to compete against other technologies to provide seasonal energy storage in a
highly decarbonized power system with high shares of variable wind and solar power.

We highlight the following priorities for electricity regulators in this context:

1. Engage with electricity distribution companies, industry, and consumers to
better understand the potential impacts of hydrogen electrolysis on the
electricity system, assess the reasonableness of electricity demand projections,
and discern how to protect consumers while meeting this demand.

2. Develop electricity prices and interconnection schemes that encourage flexible
electrolyzer operations that align with carbon goals, promote low-cost
hydrogen production, minimize new infrastructure, and protect existing
customers.

3. Study the technology set, including hydrogen, that could provide dispatchable
capacity and seasonal storage needs in a low-emissions electricity system.

Natural gas systems under regulatory control are also likely to interact with hydrogen.
Hydrogen production can affect natural gas demand—however, the precise volumes
of hydrogen that would be derived from natural gas with carbon capture, utilization,
and storage (CCUS) in the future are highly uncertain as this pathway competes with
electrolytic hydrogen to serve even more uncertain demand. Separately, some
jurisdictions and gas companies envision hydrogen as an energy carrier to provide heat
to buildings and industry as natural gas does today. Some gas companies are already
piloting blending hydrogen into existing natural gas networks, including distribution
systems to households. However, a wealth of technical assessments suggests
hydrogen’s opportunity in decarbonizing low-temperature heat will be limited to niche
circumstances, especially via blending hydrogen into existing natural gas distribution
networks for use in consumer appliances? Finally, natural gas distribution companies
are also considering repurposing natural gas pipelines to transport hydrogen.

We highlight the following priorities for natural gas regulators in this context:

1. Engage with natural gas distribution companies, industry, and consumers to
better estimate how low-emissions hydrogen demand will impact natural gas
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demand and prices—via the use of natural gas for hydrogen production, the use
of repurposed natural gas infrastructure for hydrogen delivery, and the
displacement of natural gas from hydrogen’s use downstream.

2. Examine the relative safety, cost, environmental, and feasibility implications of
using hydrogen to decarbonize different heating needs (e.g. buildings,
industrial processes), placing a heavy burden of proof on industry proposals and
learning from other jurisdictions' assessments. Work with stakeholders to
compare hydrogen blending or reuse of natural gas infrastructure with the full
range of alternatives including clean electrification, biofuels, thermal energy
networks, and other solutions.

3. Assess the viability and cost of repurposing natural gas pipelines for hydrogen
transportation. Where hydrogen production and demand are likely to increase
and require transportation, assess whether existing pipelines are particularly
well-suited for reuse and how cost recovery for reused assets would be treated,
then begin to incorporate these decisions into gas system planning.

Hydrogen pipeline and distribution networks may develop in such a way that
requires direct regulation, similar to other energy networks. Though today in most
jurisdictions the hydrogen industry is far from exhibiting characteristics such as
customer harm or natural monopoly, regulators can benefit from thinking through the
market structure that will best serve customers. For example, what are the appropriate
limits for incumbent regulated electricity and natural gas companies to own and
operate hydrogen infrastructure, especially where self-dealing may be involved? While
hydrogen production and pipelines are likely to begin at a business-to-business level—
as is the case with conventional hydrogen in the refining, chemicals, and metals
industries—regulators should be vigilant in monitoring the market and develop a
proactive approach to regulating hydrogen infrastructure that protects customers:*

1. Clarify regulatory principles for hydrogen regulation from the outset, and define
the limits and terms for incumbent monopoly businesses to participate.

2. Foresee temporary regulatory exemptions for existing and new hydrogen
infrastructure developed as business-to-business networks.

3. Value the benefits and costs of repurposing natural gas assets for transporting
hydrogen, and verify those cost estimates in any demonstration projects.

4. Avoid cross-subsidization between the natural gas and hydrogen networks
when natural gas assets are repurposed for hydrogen transport.

Safety risks arise from hydrogen'’s unique chemical properties, which make it more
challenging to manage compared with methane. Hydrogen leaks readily as it is the
smallest molecule and can “embrittle” metal pipelines by permeating and creating

'Thermal energy networks “heat and cool buildings at the campus, block, or neighborhood scale with non-
combusting, non-emitting thermal sources such as geothermal energy or waste heat using a network of
interconnected underground pipes. See generally: https://www.ilr.cornell.edu/sites/default/files-d8/2024-
12/understanding-thermal-energy-networks.pdf
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fissures in their walls. It is undetectable by human senses, combusts more readily in a
wider range of mixtures with air, has a faster flame speed that can travel back through
pipes to damage equipment, and burns hotter with a barely-perceptible flame.
Chemicals industries have safely managed hydrogen with purpose-built infrastructure
for decades, so presumably these challenges can be overcome. However, energy
companies may seek to use or repurpose infrastructure that was not purpose-built to
handle hydrogen, such as natural gas pipelines and consumer appliances. Regulators
must be attuned to safety risks and gas quality considerations to protect people from
explosions and prevent equipment damage, focusing in the following areas:

1. Establish and update natural gas and hydrogen infrastructure safety
standards—with monitoring and enforcement mechanisms—to account for
hydrogen’s unique characteristics, including for pipelines and storage systems.

2. Learn from industry, standard-setting organizations, and other jurisdictions
about hydrogen purity and the limitations of hydrogen blending in natural gas
pipelines, consumer appliances, and industrial equipment—including risks
related to safety, leakage, gas quality, and compatibility—in order to support
broader regulatory decision-making on hydrogen infrastructure investment.

3. Ensure hydrogen providers meet high standards of financial reliability,
accountability, and performance.

In addition to these direct impacts on regulated energy systems, regulators will have
difficulty developing a proactive strategy for regulating hydrogen unless they keep in
mind other policy concerns that affect hydrogen'’s viability and coordinate with relevant
agencies and authorities on appropriate actions.

We highlight the following:

e Government policy goals: Governments’ hydrogen goals are meant to drive
legislation, regulation, and investment that support policy goals such as
decarbonization, international competitiveness, and national security. However,
the degree the hydrogen industry will develop to meet these ambitious goals is
highly uncertain and dependent on regulatory implementation. Regulators’
decisions can help achieve progress toward these government goals by
enabling investment or giving access to low-cost clean electricity, but their core
mandate lies in ensuring affordable, reliable, and safe provision of service from
regulated industries for all consumers. Regulators should not view hydrogen
policy goals as a certain outcome—particularly given rapidly changing policy,
technology, and economic outlooks—but should approach them in a manner
that supports their development while minimizing risk. Ideally, regulators can
share their perspective on these national or sub-national policy decisions at an
early stage to inform wise target-setting while developing a realistic, proactive
approach that anticipates government policies and protects the public interest.

e Emissions accounting schemes: Policymakers often define low-emissions
hydrogen in terms of emissions intensity, which necessitates development of
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emissions accounting rules. The emissions accounting framework—and the
subsidies that may be tied to it—will affect the quantity and price of hydrogen,
the credibility of the “low-emissions” qualifier and actual amount of climate
pollution, the technologies deployed to supply the hydrogen, the demands that
hydrogen production places on electricity and gas supply, the operational
profile of electrolyzers, and the markets to which the hydrogen has access (e.g.,
“low-emissions” hydrogen in one jurisdiction may not count as “low-emissions”
in another). These frameworks are also likely to evolve over time, because the
progression from current “low-emissions” definitions toward zero-emissions
hydrogen will be necessary to achieve a net-zero economy. Understanding
these nuances can help regulators design smarter accounting schemes—if
applicable—or at least better assess load forecasts.

e Local air pollution: Hydrogen combustion—as well as hydrogen produced from
fossil fuels—generally results in emissions of nitrogen oxide (NOx), which is an
air pollutant that harms human respiratory systems. Depending on the
jurisdiction’s environmental regulations, these NOx challenges can conflict with
existing pollution standards and complicate or defeat certain methods of
producing or combusting hydrogen.

e Water usage: Hydrogen production draws on water resources in several ways:
directly (e.g., water for electrolysis or steam), indirectly (e.g., cooling processes),
and upstream (e.g., water treatment). The total water requirement is quite small
as meeting the IEA’'s NZE Scenario hydrogen production forecast would entail
less than a quarter of one percent of global freshwater resources.® However, the
location and context of hydrogen production and use are critical for protecting
freshwater availability in water-stressed regions. A lack of available freshwater—
or the costs of desalination and brine management—may limit electrolytic
hydrogen production, with implications for the hydrogen industry's
development and its impact on regulated electric and natural gas systems.

These many areas of regulation and policy create a complex picture—hydrogen is a
policy priority for many governments, and its production and use affect the energy
system, trade, climate progress, air quality, and water availability.

Energy regulators may have relatively limited jurisdictional lenses, but making the best
decisions on matters within their purview would benefit from widening their aperture
of awareness. They should seek to understand the technological, economic, and policy
fundamentals that will drive the hydrogen industry’'s development over the coming
decades. They should coordinate with other regulators and authorities (e.g., with
purview over environmental issues or in other jurisdictions). And where opportunities
arise, regulators can share their perspectives and analysis to support government
bodies in developing and updating hydrogen strategies such that they better account
for energy system realities. Such proactive insight and collaboration will help cut
through exceptionally high uncertainty to illuminate least-regrets paths forward that
support regulators’' core mandate.
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INTRODUCTION

Hydrogen is a gaseous molecule that is emerging as part of the energy transition for its
value as a chemical feedstock and energy carrier. While a large hydrogen industry exists
today, its production is highly polluting, and it is mostly confined to refineries and
petrochemical parks. Recent policymaker and energy company interest around the
world is driven by the ability to produce “low-emissions” hydrogen and use it to reduce
climate pollution from these and other hard-to-abate fossil fuel-using industries and
sectors. Additional interest comes from hydrogen’s economic and energy security
potential. Governments may want to develop low-emissions hydrogen to export it (or
the technologies that produce or use hydrogen) to jurisdictions with emissions
reduction goals, to explore the viability of repurposing natural gas infrastructure and
equipment that may otherwise be stranded in a low-carbon future, or to diversify their
domestic energy supply.

Hydrogen can be made using electricity or natural gas, and it can be used to generate
electricity or provide similar services as natural gas. These interactions suggest energy
regulators will encounter hydrogen as part of their current mandates to ensure
affordable, reliable, and safe electric and natural gas service. Questions also arise as to
the extent to which energy regulators should oversee hydrogen network and market
development and how to ensure safe operation.

This paper seeks to support regulators by:
= Providing regulators with information on the basics of hydrogen technologies and
hydrogen’s role in reducing industrial and energy system carbon emissions

= Helping regulators prepare for energy companies’ hydrogen proposals, including
via an overview of hydrogen regulatory issues, guiding questions, and priorities

= Sharing existing resources that address or more deeply consider some of these
issues and questions, highlighting answers when available and broadly applicable

This section reviews the recent global acceleration of hydrogen policymaking,
discusses hydrogen's role in reducing climate pollution, provides an overview of
hydrogen workshops for energy regulators convened by Energy Innovation and RETA,
and previews the rest of this paper.

Hydrogen activity around the world

The |IEA forecasts a global need for 260 MMT of low-emissions hydrogen by 2050 in its
Announced Pledges Scenario (APS) and 401 MMT in its NZE Scenario.® In both cases,
approximately 80 percent of this production is forecast to come from electricity, with
nearly all of the remainder from fossil fuels (principally natural gas) with CCUS.
Reaching the APS and NZE Scenario levels would require 10 to 15 percent of 2050 global
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electricity supply (7,000 to 12,000 terawatt-hours) and 9 to 28 percent of 2050 global
natural gas demand (219 to 246 billion cubic meters), respectively.’’

In hydrogen, as with so many other clean technology arenas, the world is off track for
reaching its net zero goals by 2050. Even in a decarbonized world, hydrogen is not
guaranteed to play this large of a role. Other emerging technologies are competing to
serve the same set of needs. This uncertainty is clear from forecasting bodies’ varied
and changing estimates—for example, IEA's low-emissions hydrogen demand forecast
for 2050 fell by nearly a quarter from its 2021 to its 2024 NZE Scenarios, and various
organizations' 2050 hydrogen demand forecasts differ by more than 200 MMT.8

Many jurisdictions have at least started planning for the growth of low-emissions
hydrogen, often as part of both industrial and climate strategies. At least 74 countries
were involved in drafting national hydrogen strategic planning documents, seeking to
assess the potential—and realize anticipated economic and emissions reduction
benefits—of low-emissions hydrogen.®

Figure 2. Timeline of hydrogen strategies and roadmaps (as of May 2024)
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Note: Updates are indicated with an asterisk; EU = European Union; Rep. of Korea = Republic of Korea; Czech Rep. = Czech
Republic; UAE = United Arab Emirates; USA = United States of America.

Dates represent when jurisdictions published or (when denoted by an asterisk) updated their
hydrogen strategies or roadmaps. Source: IRENA.™

National hydrogen strategies can lead to policies that directly support or require the
deployment of hydrogen technologies and enabling infrastructure. Or they can simply
outline the opportunity and leave it to economic regulators to sort through the details.

TThe values for natural gas demand used for low-emissions hydrogen production include only “merchant”
hydrogen (produced for sale to other parties), excluding hydrogen production for use on site. As the latter
can be substantial, the actual natural gas demand implicated by low-emissions hydrogen production could
be much larger than described here.
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Much of low-emissions hydrogen’'s growth depends on the cost of clean electricity and
natural gas—a matter squarely in the purview of energy regulators. On the other hand,
such regulators may have no control over the economic incentives policymakers pass
to promote hydrogen production, technology improvement, and infrastructure
access—although they may be able to coordinate with governments in sharing analysis
that can shape the establishment and revisiting of these goals and policies.

Hydrogen's role in reducing carbon emissions

Global hydrogen production in 2023 totaled 97 MMT—nearly all from unabated fossil
fuels via the conventional process of steam methane reformation—and emitted 920
MMT of carbon dioxide (CO,), or nearly 2 percent of global greenhouse gas (GHQ)
emissions.” Almost all of this “gray” hydrogen was used to refine oil, make chemicals
(mostly ammonia and methanol), or purify iron ore for steelmaking. Hydrogen
production and use has generally taken place either at large integrated facilities for
self-consumption or within dense industrial clusters connected via purpose-built
hydrogen pipelines.

Hydrogen is of growing interest for the energy transition because—at least in theory—
it can be produced without emitting greenhouse gases and it can be used to provide
many of the same services as fossil fuels across all economic sectors. In reality, many
complexities are involved in reducing emissions from hydrogen production—Iet alone
eliminating them—and hydrogen may not be able to compete with alternative
decarbonization options such as energy efficiency, electrification, and biofuels.

Low-emissions hydrogen production generally falls into three camps:

1. Using clean electricity to split hydrogen from water (H-O) via electrolysis (often
called “green” or “renewable” hydrogen).

2. Capturing and storing some or all of the CO, from processes that produce
hydrogen from fossil fuels or biomass (often called “blue” hydrogen).

3. Drilling for “geologic” or “natural” hydrogen in underground deposits.’

“Low-emissions” hydrogen does not have a consistent definition or emissions
accounting framework across jurisdictions, but these technologies comprise the viable
pathways today to achieve a much lower lifecycle GHG emissions intensity than
conventional hydrogen produced from unabated fossil fuels? As it can help
decarbonize applications that are relatively more expensive or impossible to electrify,
its near-term development is important to decarbonizing global energy systems by
2050. This potential, paired with its economic opportunity and energy security value,
has led to policies intended to clean up and expand hydrogen’s production and use.

""While some jurisdictions have found small deposits of geologic hydrogen, none have located large
reservoirs, making it an unproven option at scale.
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Ultimately, the long-term viability of low-emissions hydrogen depends on whether the
emissions accounting is accurate. Secondary benefits like economic growth and
energy security will only manifest long term if hydrogen succeeds in delivering
emissions reductions. Policies and investments that grow the hydrogen industry in a
manner that does not lead with truly low-emissions production can derail its
development as buyers opt for cleaner solutions. For example, policy frameworks that
qualify hydrogen electrolyzed from grid power as “low-emissions” can drive production
that is highly polluting unless careful safeguards are put in place, and robust demand
is unlikely to materialize for a greenwashed product. Upstream leakage from methane-
derived hydrogen may create similar concerns. Energy regulators may have limited
control over these accounting frameworks, but understanding these fundamentals can
help them separate reality from hype when assessing hydrogen production forecasts
and regulated companies’ investment proposals.

Even within the realm of decarbonization, hydrogen will be more viable in some end
uses than others, as it will be competing with alternatives like electrification and
biofuels. For example, electrolytic hydrogen looks like a competitive solution for
reducing emissions associated with long-haul marine shipping and primary steel
production, but not with buildings or ground vehicles.® As with hydrogen production
policy frameworks, energy regulators likely cannot control demand for hydrogen.
However, they should be aware of these dynamics to skeptically evaluate optimistic
production and demand forecasts that would impact the need for electric generation,
electric or gas infrastructure, and (potentially) regulated hydrogen pipelines. See Figure
3, with Appendix B offering more background on hydrogen for interested readers.

Figure 3. Electrolytic hydrogen’s competitive prospects for decarbonization
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This graphic presents the results of a broad assessment of where electrolytic hydrogen is likely
or unlikely to be competitive with alternative decarbonization technologies like electrification
and biofuels. Even “terrible” applications may see rare exceptions in some jurisdictions or
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circumstances, but as a general rule, hydrogen will not be a financially viable option. In some
cases, the ranking represents a weighted average—for example, for industrial process heat,
electrolytic hydrogen may have viable applications in high-temperature applications but fewer
competitive opportunities for serving low- and medium-temperature needs. See Energy
Innovation’s “Hydrogen Policy’s Narrow Path: Delusions & Solutions” paper for more detail.’

RETA workshops on hydrogen regulation

To help energy regulators prepare to make decisions concerning hydrogen, Energy
Innovation partnered with RETA to convene 79 regulators from 37 jurisdictions
(including 28 countries across 6 continents) in two workshops. The workshops—held in
October and December of 2024—involved summarizing expert research, facilitating
exchange among regulators in different stages of hydrogen industry development, and
assessing regulatory resource needs across diverse geographic, legal, and economic
contexts.

Figure 4. Hydrogen workshop participants by country
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Participant regulators came from very different places—some were well down the path
of evaluating specific hydrogen proposals from natural gas and electric distribution
companies, while others had not even started. One clear variable was the type and
ambition of domestic climate policy. Some policies directly support the development
of hydrogen infrastructure, such as through production subsidies, requirements for
industries to use certain volumes or shares of hydrogen, or planning for hydrogen
pipelines or export. Policy can also indirectly incentivize the use of hydrogen, such as
through carbon pricing mechanisms, GHG reduction requirements, or technology
standards.
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For example, the EU’'s Carbon Border Adjustment Mechanism—which sets tariffs on
carbon-intensive products—ypressures industries to reduce their emissions, including
by swapping fossil fuels or emissive chemical feedstocks for low-emissions hydrogen.
Separately, clean electricity or heat standards set targets to directly reduce electric and
natural gas network companies’ emissions, with hydrogen often discussed as a
potential option.

Energy regulators’ purview also ranges widely across jurisdictions. Most regulators
oversee at least monopoly electric network companies and the markets in which they
participate. Electrolysis is a primary means of producing low-emissions hydrogen, and
regulators have to assess electrolyzers' load growth, as they are massive electricity
users. Regulators also need to assess other speculative large demands like data centers
and make decisions about grid investments to support highly uncertain demand.
Where natural gas service exists, regulators also likely regulate the transport,
distribution, storage, and potentially import/export of this fuel, which may be used for
hydrogen production or be replaced by hydrogen in some applications downstream.

However, great variation exists in regulatory scope between jurisdictions. For example,
some regulators may have a relatively narrow mandate to ensure safety of hydrogen
pipelines, while others may be tasked with defining what constitutes “low-emissions”
hydrogen. Regardless of these differences, regulators are increasingly being asked to
assess hydrogen as governments and companies seek to grow its production and use.

The workshops made clear that regulators are largely in a reactive mode, constantly
updating and revising their assumptions and research on hydrogen due to rapidly-
changing policy and investment landscapes. Despite this uncertainty, hydrogen
investments are being made today, and regulators are seeking to make “least regrets”
decisions. There is a need to develop proactive, holistic approaches to balance the many
economic and policy interests when faced with government directives or industry
proposals to grow low-emissions hydrogen—and, if possible, to share analysis with
policymakers to help them set targets that are more in tune with energy system
realities. This paper is intended to help regulators navigate these hydrogen-related
dynamics in their jurisdictions.

Preview of subsequent sections

The following sections of this paper illuminate the core regulatory domains in which
energy regulators are likely to confront hydrogen, including coverage of key regulatory
guestions and priorities; summarize other important issues where hydrogen will arise
that may fall outside of energy regulators’ decision-making purview but represent
important opportunities for inter-agency coordination; and offer a brief conclusion.
Appendix A provides a resource library to help interested readers find relevant materials
for more in-depth analysis, and Appendix B offers additional background reading on
hydrogen.
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IMPLEMENTING HYDROGEN POLICY THROUGH A
REGULATORY LENS

This paper is intended for energy regulators, which we define as regulators overseeing
the affordable, reliable, and safe provision of energy services (with an emphasis on
regulating natural monopolies), rather than protecting the public from negative and
avoidable pipeline safety and pollution impacts. This paper starts from the premise that
the reason for and purview of regulation will not be uniform across jurisdictions. While
some energy regulators’ roles overlap with pipeline safety, environmental, and other
areas of regulation, RETA is an organization dedicated to energy regulation.

Due to impacts on safety, pollution, permitting, water, and trade, there are multiple
regulatory jurisdictions over the same hydrogen molecule and infrastructure. In
practice, energy regulators may face overlapping mandates with other regulatory
agencies that incorporate hydrogen from their own perspectives of use. For this reason,
joint work is necessary to define and coordinate the use of hydrogen for different
purposes, taking into account the respective jurisdictions. We limit this section to
matters of direct energy regulation as well as pipeline and appliance safety given the
latter's relevance to energy regulators’ mandate of ensuring safe service, and we
summarize trade and environmental impacts in the subsequent section of this paper.

Energy regulators will likely first interact with hydrogen in the context of regulating
existing energy companies—primarily electricity and natural gas networks. Regulated
companies will encounter hydrogen as a large electricity and natural gas user, as well
as an option for providing electricity, heat, and feedstocks. In a high-hydrogen
production and delivery scenario, hydrogen pipeline networks and markets may exhibit
characteristics such as concentrated market power that justify more direct regulatory
oversight similar to natural gas pipeline networks that serve many end-users. And the
transportation, storage, and use of hydrogen pose significant safety risks because it is
a tiny molecule and volatile gas prone to leakage.

In the following sub-sections, we highlight a few questions regulators might pose to
their staff and regulated entities, offering some initial context and guidance for each.
We also share priorities for further investigation as regulators proactively plan for
domestic policies promoting—and industry interest in—low-emissions hydrogen."

¥ The development of a low-emissions hydrogen industry also has significant implications for the potential
production, transportation, storage, and use of other molecules, such as carbon dioxide (i.e,, for hydrogen
produced from natural gas with CCUS) and derivative chemicals like ammonia (for which some jurisdictions
are exploring expanded uses like power generation). Regulators may need to think through questions
involving this extended family of molecules to better understand factors affecting the hydrogen industry's
trajectory. However, these molecules fall outside the scope of this paper.
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Figure 5. Overview of hydrogen regulatory issues
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While most energy regulators only have jurisdiction over the “issues in energy regulators’
purview,” they can make smarter decisions on these issues by widening their aperture of
awareness to consider—and coordinate with other agencies and authorities on—these “other
issues affecting hydrogen’s growth” that may fall outside of their direct decision-making power.

Interaction with regulated electricity systems

Hydrogen electrolysis' requires electricity—and lots of it. Providing hydrogen to match
the IEA's NZE Scenario would consume 15 percent of the global electricity supply in
2050, or more than half of all electricity consumed in 2019." Electrolyzers would likely
be concentrated in regions with excellent renewable resources that give them a cost
advantage as well asin jurisdictions with large industrial bases. However, this projection
is highly uncertain. As discussed above, low-emissions hydrogen's primary value stems
from its decarbonization potential. Even then, it must compete against other viable
technologies—including more efficient electric technologies and other low-carbon

V' Hydrogen electrolyzers work by passing an electric current through water, splitting the water molecules
into hydrogen and oxygen. The hydrogen produced by the electrolyzer can then be used. For a more detailed
explanation, see generally, https://bmarkostructures.com/blog/what-are-hydrogen-electrolyzers/.
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fuels—that will also play a role in decarbonizing even the more viable use-cases for
hydrogen such as steel and petrochemicals.

Regulators are faced with navigating this uncertainty in their oversight of electric
network company rates and investment plans, often under mandate to harmonize with
industrial or climate policy. Hydrogen electrolysis will impact electricity demand
forecasts dramatically. It also has the potential to serve as a large source of flexible,
price-responsive demand that can benefit system reliability and reduce costs under the
right conditions. Hydrogen electrolyzers could co-locate with renewable energy
resources—ensuring qualification with low-emissions hydrogen definitions, reducing
transmission and distribution costs, and securing green premiums for clean energy.
Interconnection and electricity pricing policies will heavily influence the location, type,
and magnitude of electrolyzer projects. Regulators will have to balance pressure to
support hydrogen production via attractive pricing with the impacts such pricing
might have on other consumers—as well as the possibility that policy changes could
result in stranded assets.

Regulatory questions

As regulators encounter hydrogen proposals or market impacts within the context of
electricity regulation, they will want to consider the following questions:

1. What role should hydrogen play in storing and supplying energy in a low-
carbon power system?

In jurisdictions with policy requirements to reduce electricity sector emissions, energy
companies may look to low-emissions hydrogen as a source of dispatchable energy
that can complement variable renewable energy in displacing fossil fuels. Combustion
turbine technologies to burn blends of hydrogen and methane—as well as 100 percent
hydrogen—are currently in the demonstration phase, as they must manage hydrogen'’s
more challenging combustion characteristics as well as the harmful NOx emissions
that form with higher-temperature combustion in air.'®

Regulators are already seeing proposals for natural gas-fired power plants that promise
later conversion to hydrogen blending or 100 percent hydrogen use. However, these
proposals risk resulting in high costs, stranded assets, or missed climate targets if the
technology—or the availability of on-demand, cost-competitive, low-emissions

VI At least one regulator participating in RETA’s hydrogen workshops indicated co-location is common for
current hydrogen development proposals in their country.

V' This remains an issue for hydrogen blends with methane, as the former has a lower volumetric energy
density. For example, a 50-50 blend of hydrogen with methane would only reduce GHG emissions by 22
percent (assuming the use of zero-emissions hydrogen). See Appendix B for more detail.

Vit Per an Agora Industry meta-analysis: “independent research estimates contribution of hydrogen to power
generation [as] 0-3% in 2040, 0-6% in 2050.” This suggests hydrogen will have a relatively small (if potentially
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initial power plants are predicated on running at higher capacity factors, as hydrogen
is unlikely to be cost-competitive outside of niche roles (discussed below). Fuel cells can
also use hydrogen to produce power, are commercially available, and emit only water
vapor—however, they are almost exclusively used today in smaller-scale applications."”

Electrolyzers can serve as part of a system to store excess renewable electricity over
seasonal or even multi-annual timeframes, with this hydrogen being used to fuel power
plants in times of low clean energy availability or help serve industrial end uses that
demand year-round supply of feedstocks or fuels. Flexible electrolysis therefore serves
as a potential solution for balancing variable output in a high-renewables grid, in
conjunction with storage infrastructure, low capacity factor power plants, and
industrial hydrogen demand.”®

However, to the degree electrolytic hydrogen is used for power generation, it is likely to
be limited to these seasonal or multi-year energy storage applications.” The roundtrip
efficiency* of electrolyzing and then generating power from hydrogen is low, returning
only 24 to 35 percent of the original electricity (and at best approaching 65 percent with
technology improvements).” This process cannot compete with renewables like wind
and solar when available, and lithium-ion batteries own a substantial roundtrip
efficiency advantage for providing intraday storage services.?®

Figure 6. System efficiency of electrolytic hydrogen use in power generation in a simple
cycle plant
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Source: Clean Air Task Force.”

Hydrogen presents significant pros and cons for providing seasonal and multi-annual
energy storage. On one hand, if hydrogen production rises to serve other sectors, there
may be an opportunity to occasionally draw from a common pool to provide power
when the grid needs it, with many users sharing infrastructure costs—a dynamic that
could reduce the cost and risk placed on electricity consumers.?? Certain electrolyzer

important) role to play in power generation—so energy regulators should be skeptical of outsized requests
for “hydrogen-ready” combustion turbines, at least outside of clear seasonal energy storage use-cases (in turn
suggestive of very low capacity factors). See: https://www.agora-industry.org/fileadmin/Projekte/2025/2025-
04 INT_No-regret-H2/A IND_Prioritising_hydrogen WEB.pdf, p35.

X L ow-emissions hydrogen produced from fossil fuels with CCUS may also have a limited role in power
generation, as to the degree such a hydrogen production method is viable and competitive, it may compete
with fossil fuel power generation with CCUS, which skips the intermediary step of making hydrogen.

* “Roundtrip efficiency” represents the share of electricity put into storage (i.e, via charging a lithium-ion
battery or producing electrolytic hydrogen) that is later usable as electricity. A high roundtrip efficiency
means relatively little electricity is lost as a result of storage and reconversion into electricity.
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technologies are also highly flexible and could provide reliability services by quickly
ramping production up or down to respond to grid needs.

On the other hand, the low roundtrip efficiency of electrolyzing hydrogen and then
combusting it for power, lack of hydrogen transportation and storage infrastructure,
competition with other technologies seeking to use low-cost clean power, and local air
pollution risks from hydrogen combustion make betting on hydrogen as a
dispatchable power generation solution in future planning risky and potentially costly.

2. How will the production and demand for hydrogen affect the need for
electrical infrastructure?

Electrolysis is projected to be a dominant means of producing low-emissions hydrogen
in a low- or zero-carbon energy system, although when and if low-emissions hydrogen
demand will materialize is still highly uncertain. For example, the EU’'s hydrogen
strategy targets 10 MMT of renewable hydrogen production by 2030, which would
require at least 40 gigawatts (GW) of hydrogen electrolyzers—and likely much more 23
Such deployment, while now highly unlikely in this timeframe, would require an
increase in EU electricity generation of 15 to 20 percent relative to total 2023
generation.?

This strong signal from EU leadership, combined with a relatively tepid market
response (only 385 megawatts of electrolyzers deployed by mid-2024), may leave
regulators perplexed.?> How should regulators view investments in power generation
and transmission infrastructure to support this goal? Moving too quickly risks putting
costs on existing consumers to support load growth that never materializes X Moving
too slowly risks stifling the market. Regulators can bring consumer and industry voices
to the table to understand if there are least-regrets infrastructure investments that can
remove barriers to hydrogen development without raising costs on existing
consumers, while emphasizing the practical risks and realities to policymakers who are
setting hydrogen production goals.

3. How should electricity rates be designed to meet policy goals for hydrogen,
promote flexible hydrogen electrolysis, and allocate costs fairly?

Rate design and cost allocation go hand in hand with infrastructure planning. To
achieve growth in clean electrolytic hydrogen, electrolyzers need access to power that
is low-cost, abundant, and carbon-free. Because they are energy intensive, electrolyzers
need access to low-cost power to reduce the per-unit cost of hydrogen. They are also
capital intensive and will reduce unit costs if they can operate in more hours of the year.

XAt an efficiency of 50 kilowatt-hours per kilogram of hydrogen operating non-stop, producing 10 MMT of
hydrogen would require closer to 57 GW of electrolyzers. Renewable hydrogen—that is, using new,
deliverable, hourly-matched clean electricity—is unlikely to run non-stop, implying a need for even more
electrolyzers to meet this target.

“n some respects, new electrolyzer demand parallels new data center demand—regulators can learn from
peers' efforts on data centers to address the risk of load growth that never materializes via new tariff designs.
See generally: https://www.swenergy.org/data-centers-power-needs-and-clean-energy-challenges/
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And they need some way to rationally claim the “clean” electricity attributes associated
with low-emissions hydrogen requirements (discussed in the next section). Achieving
low-cost, low-emissions hydrogen production is an essential part of realizing
governments’ hydrogen policy goals.

Ensuring all users pay fairly for the infrastructure and delivery costs of service is the
other side of this equation of access to low-cost power. Serving a large user involves
both new power sources and transmission and distribution (T&D) infrastructure. In
some places, the fixed cost component of rates may be larger than the generation
component, challenging electrolyzer project economics. Regulators face difficult
choices on how to fairly allocate the cost of service between large new loads and
existing customers, especially under government policy frameworks promoting
production of low-cost, low-emissions hydrogen.

For hydrogen electrolysis, power prices can make or break project economics, so they
would like to avoid these T&D upgrades and charges and consume wholesale power
when it is cheapest and cleanest. Electrolyzer technologies vary in the flexibility of their
operations (e.g., ramping speed, minimum operating thresholds, startup/shutdown
times)—more flexible technologies reduce their burden on the grid and enhance rather
than detract from system reliability.?® For example, more flexible hydrogen producers
may be able to reduce consumption during the times of high demand that would
generally require additional T&D capacity, thereby reducing the overall cost of
electricity in general rates. They may also be able to respond more readily to changes
in solar and wind output, reducing reliance on other aspects of the power system to
respond and maintain stable frequency. Regulators should design rates to incent this
flexible technology deployment and operation—hydrogen electrolyzers (and other
flexible large loads) can respond to price signals to reduce grid impacts and access
lower cost rates without burdening existing customers with higher grid costs.

Some rate and market design choices may help hydrogen electrolysis access more
economical power rates and evolve harmoniously with the growth in variable wind and
solar resources while reducing the need for T&D upgrades. X For hydrogen electrolyzers
and other large loads, regulators can help promote deployment of more flexible
technologies by providing price signals to avoid consumption when the grid is stressed.
For example, where wholesale markets exist, regulators can pass through the cost of
real-time wholesale rates to large, sophisticated end-users. Regulators can also incent
co-location and self-consumption with renewable generators by expressly permitting
large loads direct access to these arrangementsX¥ They can also ensure inflexible

it See generally: https://www.irena.org/Innovation-landscape-for-smart-electrification/Power-to-
hydrogen/Smart-hydrogen-production-kit.

XV Per IRENA on self-consumption: “Co-located electrolysers and renewable power plants could operate
together in isolation without a grid connection, or a grid connection could be added to increase the overall
system flexibility and provide services for the power system, such as acting as a ‘dispatchable power plant’..
.. Co-locating electrolysers with onshore or offshore renewable power plants can substantially reduce costs
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electrolyzers pay their fair share by encouraging power companies to offer rates that
include peak-coincident demand charges to reflect the fixed infrastructure costs that
would be necessary to serve these consumers when demand is highest.

Regulatory priorities

To help develop a proactive approach to hydrogen that provides timely access to fairly
priced power, protects all consumers, and enhances system flexibility, we recommend
the following priorities:

1. Engage with electricity distribution companies, industry, and consumers to
better understand the potential impacts of hydrogen electrolysis on the
electricity system, assess the reasonableness of electricity demand projections,
and discern how to protect consumers while meeting this demand.

2. Develop electricity prices and interconnection schemes that encourage flexible
electrolyzer operations that align with carbon goals, promote low-cost
hydrogen production, minimize new infrastructure, and protect existing
customers.

3. Study the technology set, including hydrogen, that could provide dispatchable
capacity and seasonal storage needs in a low-emissions electricity system.

Interaction with regulated natural gas systems

Reforming methane gas and capturing the byproduct CO, is the other main way to
produce low-emissions hydrogen. The IEA NZE Scenario forecasts such hydrogen
production would require 28 percent of projected global natural gas demand (246
billion cubic meters) in 2050¥?” However, it also forecasts that global natural gas
demand will fall by nearly 80 percent relative to today's consumption due to substantial
reductions in natural gas in power generation and industry and its near-elimination in
buildings and transport.?® Again, the quantities of total natural gas demand and gas
used for hydrogen production are highly uncertain—for example, the APS forecasts
natural gas demand will only fall by 40 percent by 2050, with hydrogen production
making up less than 10 percent of this demand.?® However, the IEA’s analysis suggests
hydrogen production will be a major factor affecting the need for natural gas pipeline,
compression, and storage infrastructure in a low-carbon future.

and improve the business case for projects. This can reduce power losses due to long-distance electricity
transmission or help avoid such losses, reduce network charges and help avoid the costs of building
transmission lines.” See: https//www.irena.org/Innovation-landscape-for-smart-electrification/Power-to-
hydrogen/22-Co-locating-electrolysers-with-renewable-generators-onshore-and-offshore.

* The value for natural gas demand used for low-emissions hydrogen production includes only “merchant”
hydrogen (produced for sale to other parties), excluding hydrogen production for use on site. As the latter
can be substantial, the actual natural gas demand implicated by low-emissions hydrogen production could
be much larger than described here
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Hydrogen may also impact the natural gas system in countries with natural gas
distribution networks. For example, jurisdictions including Canadian provinces, the
United Kingdom, and U.S. states have already seen industry-led proposals and active
initiatives to either blend hydrogen into existing natural gas networks or reuse those
networks for hydrogen distribution.*°

However, substantial evidence exists that hydrogen blending will not meaningfully
reduce GHG emissions from the natural gas system nor be able to scale to meet
buildings’ heating needs in a cost-effective, safe, and timely manner—at least relative
to competing pathways like switching to electric appliances or thermal energy
networks®' Regulators should recognize gas network company incentives to maintain
traditional business models (i.e., distribution of gaseous fuels) when reviewing
company-driven analyses supporting hydrogen blending or “hydrogen-ready”
infrastructure over less costly actions that may reduce a company’'s asset base.*

Regulatory questions

As regulators encounter hydrogen proposals or market impacts within the context of
natural gas network companies and network regulation, they will want to consider the
following questions:

1. How will demand for low-emissions hydrogen affect natural gas demand?

Low-emissions hydrogen demand is highly uncertain. Optimistic industry forecasts run
the gamut, but even with generous policy support, starting an industry from scratch is
easier said than done. Even more uncertain is which production technologies will win
the race to supply most of a clean economy’s hydrogen needs. In natural gas-rich
regions, methane-based hydrogen production with CCUS could be a lifeline to a gas
industry the prospects of which may dim dramatically in a low-carbon economy. But
this depends on the technology's viability and competitiveness compared with
electrolysis and potential emerging options like geologic hydrogen. Currently,
approximately 15 facilities around the world make hydrogen from fossil fuels with CCUS,
producing 0.6 MMT of low-emissions hydrogen—and these depend heavily on
government incentives.®

Low-emissions hydrogen can displace natural gas demand through hydrogen’s use
while also increasing natural gas demand through hydrogen production. Low-
emissions hydrogen has potential to replace natural gas for providing heat to industry,
power plants, and other end uses alongside electrification, but it faces significant
economic hurdles. Regulators trying to parse the wisdom of repurposing existing gas
pipelines or authorizing new hydrogen pipelines would benefit from gathering facts
from industry, researchers, and other stakeholders on these complex dynamics. What
indications show demand for hydrogen as a heating source will materialize, and in
which sectors and industries? How do the economics of methane-derived low-
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emissions hydrogen compare with electrolytic hydrogen in a given jurisdiction, and
how much competition does this hydrogen face in the market?

2. How should regulators and natural gas companies plan for hydrogen
production and use?

The amount of hydrogen and natural gas demand feeds into complementary questions
about future needs for infrastructure to serve end-use customers. A primary question
for regulators will be how and if existing pipelines can be repurposed to transport
hydrogen. Research done for the European Union Agency for the Cooperation of
European Regulators (ACER) and its member countries indicates it is likely less
expensive to retrofit existing natural gas pipelines than building new dedicated
hydrogen pipelines for high-volume transportation, but there is high uncertainty.*

The consideration of whether to repurpose a pipeline involves planning. At what point
is natural gas demand likely to fall enough to justify repurposing the pipeline? What
additional expenses would best reduce risks of metal pipeline embrittlement? How
should compression infrastructure be updated to reflect the lower volumetric energy
density of hydrogen? Who should be allowed to own and operate this infrastructure,
and how much should they pay the incumbent network company for it (discussed in
the following sub-section)?

In many jurisdictions, questions center not around full repurposing, but rather the
capacity of existing natural gas infrastructure and its end-users to accept a blend of
hydrogen. In some places, this may be a transition strategy with fewer GHG emissions
or less dependence on gas imports in mind. In such cases, regulators may benefit from
examining blending proposals with long-term goals at the forefront. For example, is it
prudent to allow blending at presumably safe levels when safety or customer
tolerance—for any of the wide range of appliances and equipment on the network—
are highly questionable at higher shares of hydrogen? With some natural gas network
companies already pursuing hydrogen blending or even full hydrogen use to
decarbonize buildings, regulators can make wiser judgments by asking whether such
plans are safe, feasible, and cost-effective, as well as whether eventual dead-ends (e.g.,
at certain blends) put the timely achievement of deeper GHG emissions reduction
goals at risk.

The U.S. state of Massachusetts provides one example of how to develop evidence to
answer these questions. In December 2023, Massachusetts’ Department of Public
Utilities developed a forward-looking regulatory framework on how to best reduce
natural gas system emissions under state laws requiring deep GHG emissions
reductions. The Department of Public Utilities order found that “while hydrogen may
play a role in some hard-to-decarbonize sectors of the economy, it is unlikely to be
considered as a primary fuel source for home heating” due to uncertainty around its
actual emissions intensity, cost, technical feasibility, and availability.>*® As a result,
network companies in Massachusetts are encouraged to evaluate non-gas alternatives
like efficiency and electrification and avoid dead-end expenditures on decarbonizing
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fuel sources. Regulators in the U.S. state of Colorado, as well as several independent
analytical bodies in the UK, reached similar conclusions for their jurisdictions.*® While
isolated cases exist for blending higher shares of hydrogen into natural gas networks,
these exceptions are due to legacy infrastructure built to manage manufactured gas®
to serve industrialized island jurisdictions.®”

Regulatory priorities

To help develop a proactive approach to natural gas regulation and planning with
hydrogen in mind, we recommend the following priorities:

1. Engage with natural gas distribution companies, industry, and consumers to
better estimate how low-emissions hydrogen demand will impact natural gas
demand and prices—via the use of natural gas for hydrogen production, the use
of repurposed natural gas infrastructure for hydrogen delivery, and the
displacement of natural gas from hydrogen’s use downstream.

2. Examine the relative safety, cost, environmental, and feasibility implications of
using hydrogen to decarbonize different heating needs (e.g. buildings,
industrial processes), placing a heavy burden of proof on industry proposals and
learning from other jurisdictions' assessments. Work with stakeholders to
compare hydrogen blending or reusing natural gas infrastructure with the full
range of alternatives including clean electrification, biofuels, thermal energy
networks,»" and other solutions.

3. Assess the viability and cost of repurposing natural gas pipelines for hydrogen
transportation. Where hydrogen production and demand are likely to increase
and require transportation, assess whether there are existing pipelines
particularly well-suited for reuse and how cost recovery for reused assets would
be treated. Begin to incorporate these decisions into gas system planning.

Regulatory oversight of hydrogen infrastructure

Regulation becomes necessary when unregulated private industry behavior does not
align with the public interest. In the case of energy systems, the role of different
regulators—which can vary from place to place—is usually spelled out by policymakers.
For example, certain regulators may deal with pipeline safety, another with air quality,
another with efficiency, and another the oversight of natural monopolies like gas and
electricity networks.

“'|.e, coal or naphtha processed into a mix of methane and hydrogen.

I Thermal energy networks “heat and cool buildings at the campus, block, or neighborhood scale with non-
combusting, non-emitting thermal sources such as geothermal energy or waste heat using a network of
interconnected underground pipes. See generally: https://www.ilr.cornell.edu/sites/default/files-d8/2024-
12/understanding-thermal-energy-networks.pdf
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For energy regulators currently overseeing electricity and gas networks (the audience
for this paper), questions quickly arise around whether and to what extent hydrogen
production, transportation, and storage fits within the regulated activities of existing
electricity or gas distribution companies. For example, an incumbent natural gas
provider may seek to gradually take on the role of hydrogen distributor, particularly if it
is permitted to blend hydrogen into its existing natural gas pipeline system. Likewise,
a vertically integrated electricity company could advocate for the inclusion of hydrogen
electrolyzers, dedicated generation to supply those electrolyzers, hydrogen storage
infrastructure, and hydrogen-fueled power plants into its monopoly.

At some point, hydrogen production, storage, transport, and use may form a network
(including by subsuming part or all of existing networks) that exhibits similar
characteristics that required the economic regulation of natural gas monopolies,
placing the energy regulator closer to the center of the hydrogen industry's future.
Whether something is a “natural monopoly” depends on a few characteristics, which
are summarized in an EU ACER and Council of European Energy Regulators (CEER)
paper investigating hydrogen regulation. Their doctrine applies the following
conditions: “control of the facility by a monopolist; the competitor's inability to
practically or reasonably duplicate the essential facility; abuse of dominant position in
the form of denying competitors access to the facility; [and] general competition law
[being] insufficient to address the possible abuse of dominant position.”®

In most jurisdictions, hydrogen is far from exhibiting natural monopoly characteristics
today. Hydrogen pipelines scarcely exist and have not formed mature networks outside
of local petrochemical facilities or campuses. New hydrogen production and pipelines
are likely to begin at a business-to-business level, with demand for low-emissions
hydrogen lagging behind ambitious policy goals. However, in places with ambitious
hydrogen policies, there are already proposals to plan and finance expansive hydrogen
networks in concert with industry decarbonization plans. Regulators should not wait
for these questions to emerge—there is an opportunity now to consider the scope of
activities existing monopolies can undertake, develop an adaptive approach that
periodically reexamines the scope of regulatory oversight appropriate to hydrogen
infrastructure, and examine the long-term market and regulatory structures that best
align with the public interest.

Regulatory questions

As regulators consider the growth of hydrogen infrastructure in their jurisdiction, they
will want to consider the following questions:

1. What is the regulatory jurisdiction over hydrogen infrastructure?

In general, few jurisdictions have clear statutory policies or established regulations
governing hydrogen development. Without this explicit authority, regulators may have
difficulty taking a proactive approach to developing good regulatory practice around
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these important public interest issues. There is an opportunity for regulators to call
policymakers’ attention to the limits of their regulatory authority in protecting the
public interest. Likewise, policymakers have an opportunity to examine existing laws
and clarify the roles and responsibilities of different regulators over the production,
transportation, storage, and sale of hydrogen.

In the absence of clearer guidance, regulators can take a proactive approach to
examining this question: under what conditions should hydrogen infrastructure be
treated as a part of an existing or new natural monopoly worthy of regulation? Under
what conditions should it be allowed to evolve without any price regulation? Historical
justification to regulate existing networks—especially pipelines—will reveal conditions
to watch for and enable regulators to create principles and practices that cultivate a
hydrogen industry that aligns with the public interest.

Proposals to pilot including hydrogen into existing network company business models
should be evaluated for their near-term impacts, as well as whether they are aligned
with a long-term vision for how the hydrogen industry should evolve. For example,
perhaps the regulator determines it is not economical or safe to blend hydrogen into
the gas system for building heat but there is a policy remit and growing demand for
hydrogen for large industrial users. What is the role of the existing natural gas pipeline
provider for retrofitting pipelines and providing service to hydrogen end-users? Would
wholesale transactions between producers and large consumers require network
regulation, or would unregulated parties reach better outcomes while holding existing
residential gas customers harmless, such as in industrial cluster designs?*® At what
point does a hydrogen economy exhibit characteristics that require greater economic
regulation akin to the existing regulatory framework around the gas pipeline network?

The EU's 2024 gas decarbonization directive explores many of these issues and can
serve as a model for jurisdictions that have policies that strongly support development
of low-emissions hydrogen.*® The policy framework establishes rules around third-party
access to hydrogen networks, delegates authority to national regulatory bodies for
hydrogen network regulation, establishes an international network of hydrogen
network operators, and creates rules for gas network companies’ engagement in
hydrogen production and transmission. It requires network operators to conduct long-
term network plans and coordinate with electricity and gas planners on infrastructure
planning. It also establishes conditions under which dedicated production and pipeline
facilities for single industrial uses could be exempt from network regulation. As another
example, a similar examination from the Canadian province of British Columbia’s
energy regulator also sets principles for the scope of regulatory jurisdiction over
hydrogen.

2. How should the costs and ownership rights of hydrogen infrastructure be
allocated, especially if it was once part of the natural gas network?

Some regulation of hydrogen infrastructure may arise from its reuse of natural gas
infrastructure that is already subject to cost-based regulation. In this case, regulators
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already confront monopolistic incentives. Regulators should examine whether the
incumbent natural gas network company should own and operate hydrogen
infrastructure, then proactively address how to allocate costs for this infrastructure
when it is no longer transporting natural gas.

For example, if a gas pipeline is converted to transport hydrogen, there are multiple
interpretations of a fair price for a natural gas asset that may not have been fully
depreciated. Furthermore, the incumbent natural gas network company may attempt
to deal with its own subsidiaries in this transaction, raising anti-competitive concerns.
If there is gradual blending, the regulator may have to decide the point at which a blend
of hydrogen and natural gas no longer constitutes natural gas service. What does this
trigger in terms of that asset's treatment for cost recovery as part of the entire asset
base? Separately, the permitted conversion of a natural gas pipeline for hydrogen
transport may lead to a stranded asset if hydrogen demand does not materialize. All of
these issues implicate how regulators can protect existing natural gas consumers.

The EU’s 2024 gas decarbonization directive provides an example of how policymakers
and regulators are dealing with these questions today. Within its gas decarbonization
directive, the EU requires gas and hydrogen distribution companies “shall be
independent at least in terms of its legal form, organization and decision making,” but
they do not rule out joint ownership.*? The directive also requires state regulators to
“ensur[e] that there are no cross-subsidies between transmission, distribution,
hydrogen transport, natural gas and hydrogen storage, LNG and hydrogen terminals
and natural gas and hydrogen supply activities."**

Regulatory priorities

In 2021, ACER/CEER recommended the EU take a gradual and adaptive approach to
the regulation of hydrogen networks in line with market and infrastructure
development, which periodically monitors the market for monopolistic behavior. Its
four principles—that then informed its more comprehensive gas decarbonization
directive finalized in 2024—formed the basis of the following regulatory priorities:**

1. Clarify regulatory principles for hydrogen regulation from the outset, and define
the limits and terms for incumbent monopoly businesses to participate.

2. Foresee temporary regulatory exemptions for existing and new hydrogen
infrastructure developed as business-to-business networks.

3. Value the benefits and costs of repurposing natural gas assets for transporting
hydrogen, and verify those cost estimates in any demonstration projects.

4. Avoid cross-subsidization between the natural gas and hydrogen networks
when natural gas assets are repurposed for hydrogen transport.

These principles can serve as a model for other regulators beginning on the journey of
regulating hydrogen. Taken together, they represent an adaptive framework, which in
its implementation creates clear conditions that would trigger regulatory oversight and
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periodic reviews of the regulatory framework. This approach allows oversight to evolve
alongside the hydrogen market's development while providing regulatory certainty.

Pipeline and appliance safety

Hydrogen’'s unique chemical properties make it more challenging to safely manage
than methane. It has a high propensity for leakage as it is the smallest molecule and
can “embrittle” metal pipelines by permeating and creating fissures in their walls. It is
undetectable by human senses, combusts more readily in a wider range of mixtures
with air, has a faster flame speed that can travel back through pipes to damage
equipment, and burns hotter with a barely-perceptible flame 4> Hydrogen also has a
very low volumetric energy density and requires extremely low temperatures to liquefy,
which brings its own set of operational risks for hydrogen storage ™ Finally, hydrogen's
transportation can involve carriers or intermediaries like ammonia—such chemicals
may fall outside regulators’ purview (and are not in scope for this paper), but regulators
may similarly need to be cognizant of their safety considerations.*®

Chemicals industries have safely been producing, compressing, transporting, storing,
and using hydrogen for decades, so its challenges can be overcome. However, this has
largely been limited to open-air industrial parks with tight safety standards, rigorous
oversight, and components specifically designed to manage hydrogen.*” To the degree
regulators oversee energy companies’ development and operations of purpose-built
hydrogen pipelines for production and use in industrial settings—including new
markets like e-fuels for aviation and marine shipping—they will have a rich database of
existing codes and standards from which to draw.*®

However, regulators may encounter hydrogen in the context of transporting, storing,
or using it in infrastructure that was not purpose-built for hydrogen, such as natural gas
pipelines and consumer appliances. This introduces at least two categories of
heightened safety risks. First, hydrogen blending can cause the degradation of
pipelines, leading to leaks or disastrous ruptures.“® Natural gas pipelines are already
somewhat leaky—with extensive measurements confirming this—and hydrogen
would exacerbate this given its much smaller size*® Second, hydrogen blending
involves the loss of some of the strict technical oversight, safety mechanisms, and
design characteristics that are employed in industrial parks (e.g., better ventilation
through above-ground, open-air pipes). New risks are introduced as hydrogen moves
from highly specialized campuses to a distributed network involving heavily populated
public spaces, buildings with enclosures where hydrogen leaks can accumulate, and

W hile not related to safety, hydrogen also has a climate-warming impact of approximately 37 times that
of carbon dioxide over a 20-year period, meaning leakage can erode its GHG emissions reduction value. See:
https://www.nature.com/articles/s43247-023-00857-8

“* Hydrogen's low volumetric energy density means that blending it with methane will deliver a lower-than-
expected GHG emissions reduction benefit—e.g., a 20 percent blend of hydrogen with methane will only
reduce emissions by approximately 7 percent (assuming zero-emissions hydrogen). See Appendix B for more.
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consumer-facing appliances and equipment that put the public in proximity to
hydrogen fuel.

While governments and industry have tested the degree hydrogen can mix with
natural gas, repurpose natural gas infrastructure, and work with new or existing
consumer appliances, regulators who opt to entertain blending must acknowledge
these risks—even if they don't have direct regulatory oversight—to protect people from
explosions and damage to appliances. These concerns implicate the need for new or
updated design standards, safety monitoring and inspections, substantial financial
reserves and insurance, and decommissioning funds.

Regulatory questions

As regulators seek to maintain a high standard of safety with the introduction of
hydrogen, they will want to consider the following questions:

1. If regulated energy companies seek to build hydrogen infrastructure (or
repurpose natural gas infrastructure), are they prepared, able, and properly
motivated to follow all relevant safety standards across the value chain?

There are approximately 5,000 kilometers of hydrogen pipelines in operation globally
today—far below the more than 1.4 million kilometers of natural gas pipelines
worldwide.” These hydrogen pipelines are heavily concentrated in the U.S. Gulf Coast
and northwest Europe.®? They have also been largely developed and operated by
private companies for industrial use, rather than by energy distribution companies that
interact with and potentially serve residential and commercial users.

Thus, while there is deep experience to draw from—as well as groups and standards
organizations working to make information on safety more accessible—the vast
majority of energy distribution companies are not yet equipped to oversee, develop, or
operate hydrogen infrastructure. In particular, regulators will want to ensure such
infrastructure is complete with leak and fire detection systems, proper ventilation, and
other measures to protect against explosion risks, as well as processes in place for
emergency response.

Regulators should also be aware of hydrogen purity considerations. For example,
hydrogen purity can vary based on systems employed (e.g., using geologic caverns for
storage can introduce contaminants), but certain end uses like fuel cells require very
high purities to avoid damaging equipment. Purity standards might be outside of
energy regulators’ direct purview, but they affect the prudence of energy companies’
proposed investments >

2. Under what conditions can hydrogen be safely blended into the natural gas
T&D systems and used by existing end-use equipment?

As discussed in prior sections, regulators should first consider hydrogen blending on its
merits. For example, would hydrogen blending be a reliable, safe, and cost-effective
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alternative to the status quo or (where emissions reduction targets exist) other options
like electric technologies and biofuels? Do its questionable benefits outweigh its
widely-documented risks?** For jurisdictions with deep decarbonization goals, would
success with low hydrogen blends set up a path to a zero-emissions system, or should
they pursue more cost-effective and enduring solutions from the start?

If requlators do allow such companies to explore hydrogen blending, they should at
minimum ensure natural gas T&D pipelines are suitable for such activity—including by
requiring network comypanies to conduct all relevant assessments. They should also be
aware of the state of consumer appliances or industrial equipment being served by this
network—or rather ensure that network companies’ hydrogen usage will not drive an
increase in safety or performance issues downstream—and consider the potential of
varying hydrogen tolerances from interconnected neighbor jurisdictions.

While the precise limits depend on a range of factors—such as pipelines’ materials and
age—in general hydrogen can be safely blended only up to 5 to 20 percent by volume
with natural gas in existing gas infrastructure following targeted upgrades and
retrofits.>® However, even these small blends require extensive system testing to
prevent hydrogen from compromising any part of natural gas companies’ extensive
networks and the end uses they serve. For example, liquefied natural gas and
compressed natural gas end uses require high methane purities and have been shown
to limit or otherwise complicate hydrogen blending initiatives.*® Regulators should also
consider whether hydrogen blending can play a narrower yet safer role, such as by
blending hydrogen at the facilities using it (e.g., power plants, industrial sites) rather
than into the pipeline network.

Regulatory priorities

To ensure investment in hydrogen infrastructure or fuel does not compromise safety,
we recommend the following priorities:

1. Establish and update natural gas and hydrogen infrastructure safety
standards—with monitoring and enforcement mechanisms—to account for
hydrogen’s unique characteristics, including for pipelines and storage systems.

2. Learn from industry, standard-setting organizations, and other jurisdictions
about hydrogen purity and the limitations of hydrogen blending in natural gas
pipelines, consumer appliances, and industrial equipment—including risks
related to safety, leakage, gas quality, and compatibility—in order to support
broader regulatory decision-making on hydrogen infrastructure investment.

3. Ensure hydrogen providers and network operators meet high standards of
financial reliability, accountability, and performance.

* For example, this New York-based demonstration project blended hydrogen with natural gas at the site of
the natural gas combustion turbine: https://www.epri.com/research/products/000000003002025166
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COORDINATING ON OTHER ISSUES AFFECTING
HYDROGEN REGULATION

In addition to their core responsibilities, energy regulators should be aware of other
policies and areas of regulation that will affect the hydrogen industry's future
development. For example, hydrogen interacts with government climate and
economic policy goals, has varying standards for accounting for the emissions intensity
of its production, and affects local air pollution and water use. Awareness of these policy
structures and potential constraints will help regulators anticipate a realistic pathway
for low-emissions hydrogen’s development and protect the public interest. These
issues also represent important areas for inter-agency coordination, which can prevent
regulatory gaps, reduce compliance costs for regulated entities, and promote a holistic
regulatory approach that addresses hydrogen'’s cross-sector impacts.

Government policy goals

Governments have developed hydrogen roadmaps and strategies in recent years,
setting goals meant to drive legislation, regulation, and investment that support their
realization. For example, the EU aims to produce 10 million metric tons per annum
(MMTPA) and import an additional 10 MMTPA of renewable hydrogen by 2030; Australia
seeks to produce 3 to 5 MMTPA of renewable hydrogen by 2035 and export 0.2 to 1.2
MMTPA by 2030; India hopes to produce 5 MMTPA of green hydrogen by 2030 and up
to 10 MMTPA if able to export to other markets; Japan wants to use 3 MMTPA of
hydrogen by 2030 and 20 MMTPA by 2050; and Morocco aims to export green hydrogen
to help supply the EU's import needs.”

However, the degree to which the hydrogen industry will develop to meet these
ambitious goals is highly uncertain. The EU has publicly acknowledged it will likely miss
its 2030 targets.”® Meeting the upper range of Australia’'s 2035 production goal would
mean doubling its electricity generation (with this coming all from new clean energy),
and its 2030 export goals vary by a factor of six* India and Japan’s goals similarly exhibit
a wide range or depend on costly new hydrogen transportation infrastructure. And
Morocco's goals depend in part on the challenge of building an underwater
intercontinental hydrogen pipeline to Spain.>® Overall, the IEA notes a massive gulf
between governments’ hydrogen production targets (ranging from 35 to 43 MMTPA by
2030) and the demand policies they have put in place (which would drive consumption
of less than 7 MMTPA by 2030).%°

I Australia generated 274 terawatt-hours (TWh) of electricity in 2023. At an efficiency of 50 kilowatt-hours
per kilogram of hydrogen, producing 5 MMT of hydrogen would require 250 TWh—a near-doubling of the
country's total generation (not including electricity demand from hydrogen compression, transportation, and
storage). Source: https://www.energy.gov.au/energy-data/australian-energy-statistics/electricity-generation
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High hydrogen production goals that may be disconnected from economic realities
and commercial demand can put energy regulators in a challenging position.
Regulators’ decisions can help achieve progress toward these government policy goals,
but their core mandate lies in ensuring affordable, reliable, and safe provision of
electricity and natural gas services.

The key factor underlying these risks is to what degree hydrogen buyers will show up
in response to hydrogen production and transport infrastructure. Outside of today's
limited offtake in refining and chemicals, potential hydrogen buyers are industries
facing policy requirements or public pressure to cut climate pollution as well as very
tight profit margins. In other words, buyers need high confidence that hydrogen wiill
reduce emissions and be available as a competitively-priced commodity.

On emissions, a disconnect between a jurisdiction’s hydrogen production goals and the
policies used to achieve them can spell trouble. Hydrogen policies that promote its
production with little regard to its actual emissions intensity—such as subsidizing
electrolyzed hydrogen without properly accounting for induced grid emissions from
electrolyzers' load—could drive a bubble of investment in hydrogen infrastructure that
pops due to lack of buyer interest in a dirty product.®

On cost, buyers might be willing to pay a limited premium for low-emissions hydrogen
if it helps sell more products derived from the hydrogen, or they may need to see
policymakers close the price gap with tailored policies that will last. However, hydrogen
produced in a given jurisdiction will have to compete with hydrogen produced
elsewhere as hydrogen trade networks expand or industries move to where low-
emissions hydrogen production is least expensive ' Different jurisdictions may have
competitive advantages, especially with respect to the quality and cost of renewable
resources supporting electrolytic hydrogen, as well as the availability of low-cost natural
gas and geographies suitable for carbon sequestration. Hydrogen-derived products will
also have to compete with other low-carbon technologies to serve end uses that have
non-hydrogen alternatives. For example, sustainable aviation fuels can be produced
from hydrogen or biofuel-derived compounds. Demand-side policies for hydrogen can
provide more certainty for investors, but high production prices risk undercutting
political appetite to keep such policies in place.

Exploratory questions for regulators:

= Given ajurisdiction’s hydrogen goals, how might the industry actually develop
under different policy, regulatory, and economic conditions? Are the assumptions
that underly these goals being reflected in reality?

' Hydrogen pipelines are generally the lowest-cost method to move hydrogen, so hydrogen prices will be
significantly affected by when and where they are developed. Moving hydrogen by marine tanker—whether
as liquid hydrogen, ammonia, liquid hydrogen organic carriers, or some other intermediary—is expensive but
can enable global trade where exporting countries have substantial hydrogen production cost advantages
over importing countries. See Figure 4.4 of: https://iea.blob.core.windows.net/assets/89cle382-dc59-46ca-
aa47-9f7d41531ab5/GlobalHydrogenReview2024.pdf
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=  How does government policy address uncertainty around demand for hydrogen,
including if costs come in higher than anticipated? Can regulators inform
policymaker target-setting, reviews, or revisions?

= How can regulators support progress toward domestic hydrogen goals without
putting unnecessarily high risk on or shifting system costs to consumers? To what
extent should regulators allow regulated companies to recover expenditures from
hydrogen-related innovation or pilot projects as a means to grow the industry?
More broadly, how much independence do regulators have with respect to
ensuring progress toward government policy goals?

=  Which other agencies and authorities should energy regulators be coordinating
with to guide their collective decision-making on hydrogen?

Emissions accounting schemes

To the extent hydrogen policy supports emissions reductions, policymakers will
inevitably have to determine what qualifies as “low-emissions” hydrogen. Most
jurisdictions with low-emissions hydrogen definitions have set emissions intensity
thresholds of no more than 4 kilograms of carbon dioxide equivalent per kilogram of
hydrogen (kgCO.e/kgHz)—and often lower in leading jurisdictions like the EU—or
approximately 60 percent below that of unabated steam methane reformation.®? Even
then, jurisdictions aiming for climate neutrality will likely need to lower these
thresholds over time.®®

Hydrogen producers must verify they are satisfying a given low-emissions hydrogen
definition to receive policy support, such as a production subsidy or credit toward
meeting a procurement mandate. Energy regulators may be asked to advise on,
establish, or help implement emissions accounting schemes that detail how hydrogen
producers must estimate their emissions intensities, with such rules used to judge
whether their production meets the threshold.

Designing emissions accounting schemes for hydrogen production that reflect reality
is challenging. However, bad designs can make the term “low-emissions hydrogen” a
misnomer and lead to substantial greenwashing—they risk subsidizing a net increase
in GHG emissions as well as developing a product with few buyers, as companies and
importing jurisdictions opt for truly low-emissions alternatives.

For example, electrolyzers trigger the production of electricity at the margin—in most
jurisdictions and hours, this will be coal- or natural gas-fired power plants. Accounting
for these emissions can bring electrolytic hydrogen’s emissions intensity to as high as
40 kgCO,e/kgH:, or more than 10 times that of most jurisdictions’ current low-emissions
hydrogen thresholds.®* Achieving truly low- to zero-emissions electrolytic hydrogen
production requires drawing from clean energy in a manner that does not induce
significant fossil fuel power generation elsewhere on the power system. However, this
use of “additional” clean power can be difficult to prove.
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Emissions accounting rules fall on a spectrum. On one end are less-precise rules that
credit electrolyzers for any carbon-free electricity that they buy in the market, ignoring
induced grid emissions impacts. While these rules are administratively simple, they are
very likely to boost reliance on fossil fuel power plants and result in real-world emissions
intensities well above that of conventional hydrogen production. Such rules would also
likely promote the deployment of less-flexible electrolyzer technologies that make it
more difficult to produce lower-cost hydrogen (absent subsidies) and integrate new
variable renewable energy generation.

Partway along the spectrum are designs that the EU and U.S. have adopted to balance
the accuracy and administrability of emissions accounting. The “three pillars”
framework requires electrolyzers to use new, deliverable, hourly-matched clean
electricity, aiming for a tight coupling of clean electricity generation and electrolyzers'’
hydrogen production in terms of causality, location, and time.®*® Such rules can reduce
electrolyzers' chances of inducing climate pollution elsewhere on the power grid. They
also support development of more flexible electrolyzer technologies critical for
reducing hydrogen production costs and supporting renewable energy integration.®”

However, even three-pillars schemes do not guarantee a zero-emissions product. For
example, if the electrolyzer's new clean electricity resource offsets another entity's
obligation to build such resources to meet regulatory carbon cap or renewable
generation requirements, then the new clean resource is not “additional,” and the
resulting hydrogen has a positive emissions impact. So, while three-pillars schemes can
help work toward lower-emissions hydrogen production, jurisdictions can take steps to
further boost their integrity.

Emissions intensity questions extend beyond electricity procurement—they are further
influenced by the scope or lifecycle boundaries of their calculations, such as whether
they include indirect or raw materials or hydrogen leakage throughout the value chain.
Similar question sets and accounting schemes surround other types of hydrogen
production. For example, hydrogen produced from natural gas with CCUS involves
nuanced questions around upstream methane leakage and carbon intensity
assumptions of methane sources (e.g., waste methane).®® The specific mechanisms
underpinning such frameworks—including phase-in periods and exemptions—are
highly complex and differ across jurisdictions to account for their market and policy
contexts, but progress is being made toward international alignment.®®

The emissions accounting framework—and the subsidies that may be tied to it—will
affect the quantity and price of hydrogen, the credibility of the “low-emissions” qualifier
and actual amount of climate pollution, the technologies deployed to supply it, the
demands they place on electricity and gas supply, the operational profile of
electrolyzers (i.e.,, flexible vs. around-the-clock demand), and the markets to which the
hydrogen has access (e.g., “low-emissions” hydrogen in one jurisdiction may not count
as “low-emissions” in another).”® Regardless of whether the design principles of
emissions accounting schemes ultimately fall within their purview, understanding
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these nuances can help regulators better assess load forecasts, the operational profiles
of new electricity generators and consumers, and potentially the prudence of new
regulated hydrogen investments—especially those predicated on exporting hydrogen
or hydrogen-derived products to jurisdictions of varying low-emissions hydrogen rules.

Exploratory questions for regulators:

= How do policymakers define “low-emissions hydrogen,” and what elements of that
accounting methodology, tracking, and verification will fall to energy regulators
and regulated companies? If regulators play a role in designing rules, how should
they balance emissions accuracy with program administrability? What domestic
policies (e.g., carbon caps) and importing jurisdictions’ emissions accounting rules
do they need to consider to design effective, high-integrity rules?

= How do emissions accounting rules for hydrogen influence the demand for and
operation of hydrogen electrolyzers, the types and quantities of clean energy
resources being built, the evolution of fossil or alternative methane sourcing, and
the net impact on climate pollution?

=  How might emissions accounting schemes need to evolve as jurisdictions with net
zero climate goals have to lower the emissions threshold for what counts as “low-
emissions hydrogen” over time?

=  Which other agencies and authorities should energy regulators be coordinating
with to guide their collective hydrogen decision-making?

Local air pollution

Hydrogen combustion generally results in NOx emissions—an air pollutant that harms
human respiratory systems. All else equal, hydrogen combustion will worsen NOx
emissions relative to methane, creating public health issues especially for vulnerable
populations if burning it for heat (in buildings or industrial processes) or to generate
electricity.

Newer “lean premix” combustion systems can reduce NOx emissions from hydrogen
combustion by allowing for lower temperatures. However, they struggle to manage
hydrogen’s challenging chemical properties, which make it difficult to maintain a
steady flame and prevent against flashback risks (wherein the flame travels back into
the gas line and can damage equipment). Today's cutting-edge lean premix systems
can manage a 50-50 blend by volume of hydrogen and methane, but continued
development is needed to achieve systems that can handle 100 percent hydrogen.”

Depending on the jurisdiction’s environmental regulations, these NOx challenges can
complicate hydrogen'’s use for combustion. For example, indoor air quality goals may
preclude hydrogen’s use in buildings (e.g., residential or commercial gas stoves), and
air quality or technology pollution standards may limit or raise the cost of hydrogen for
power generation.

Hydrogen production can also have local air pollution impacts. For example, electrolysis
that induces higher fossil fuel power generation elsewhere on the grid would worsen
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NOx emissions from those facilities. Methane-based hydrogen production also results
in NOx emissions, and adding carbon capture to those facilities would worsen their NOx
output, assuming the carbon capture equipment is powered by fossil fuels.

Exploratory questions for regulators:

= Does the energy regulator have purview over regulated entities’ pollution? If not,
how should the energy regulator balance their need to ensure reliable, safe, and
cost-effective service for consumers with the emissions reduction mandate of
other government agencies?

= How does hydrogen combustion (for heat or power generation) affect local air
pollution? Are “hydrogen-ready” power plants set up for low-NOx combustion? Do
such plants have appropriate post-combustion emissions control technologies?

=  Would local air pollution from hydrogen combustion affect its potential for use as
a source of heat or power, given the jurisdiction’s public health standards?

= Should regulators anticipate public opposition to siting of facilities that produce or
combust hydrogen in vulnerable communities?

=  Which other agencies and authorities should energy regulators be coordinating
with in order to guide their collective decision-making on hydrogen?

Water consumption

Hydrogen production draws on water resources in several ways: directly (e.g., water for
electrolysis or steam in methane reforming), indirectly (e.g., cooling processes), and
upstream (e.g., water treatment, water for cooling power generators, water used across
the natural gas value chain). The total water requirement is quite small—meeting the
I[EA's NZE Scenario hydrogen production forecast would entail less than a quarter of
one percent of global freshwater resources.”? However, the location and context of
hydrogen production and use are critical for protecting freshwater availability in water-
stressed regions.

In general, the water requirement for hydrogen production is comparable across
technologies.” The chemical minimum to produce a kilogram of hydrogen is 4.5 liters
from steam methane reformation or 9 liters from water electrolysis.”* When accounting
for indirect and upstream requirements, the water demand rises to approximately 20
to 40 liters, with wind-powered electrolysis on the lower end and steam methane
reformation with CCUS at the upper end.” However, some upstream aspects can
amplify water requirements by an order of magnitude, such as the use of nuclear or
geothermal power for electrolysis.”®

In water-stressed regions, hydrogen production may be problematic if it draws on
freshwater systems. To mitigate this risk, treated wastewater or desalinated seawater
can be part of sufficiently purifying water for hydrogen production (e.g., ultrapure for
electrolysis).”” The extra energy and costs of such processes are marginal (e.g., adding 1
to 4 cents per kilogram of hydrogen to desalinate seawater), but developers will need
plans to manage the resulting waste or brine.”®
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Hydrogen production may also exacerbate local water stress if the hydrogen (or
hydrogen-derived products like e-fuels) is exported to another region. Hydrogen used
within the same region can directly reduce other regional water demands (e.g., from
fossil fuel production) and even return water to the local cycle (e.g., when used in a fuel
cell), while exports would add to net water consumption. For example, electrolysis
powered by renewable electricity consumes less than half the water to produce the
same amount of energy as a coal-fired power plant.”®

Exploratory questions for regulators:

=  Which water issues does the regulator have authority over (e.g., issuing water
rights for groundwater or waste treatment plants, brine disposal for desalination)?
Even where water issues fall outside of the regulator’s oversight, how do they
affect the viability of regulated companies’ proposed hydrogen investments?

= |sthe proposed hydrogen project in a water-stressed region? Will the hydrogen
be used in the same region or exported? If the former, will the hydrogen’s use
return some water to the atmosphere or displace water consumption in other
sectors? Is upstream water consumption in the same or a different region? Would
the use of seawater or reclaimed water reduce stress on freshwater systems?

= For electrolyzers drawing on a regulated water distribution company, what rate
design is appropriate for this customer class (e.g., declining block pricing will
incentivize larger electrolyzer projects, while increasing block pricing will
incentivize greater efficiency in water consumption)?

=  Which other agencies and authorities should energy regulators be coordinating
with in order to guide their collective decision-making on hydrogen?

CONCLUSION

Governments and energy companies are increasingly looking to hydrogen for its
potential to reduce climate pollution and catalyze investment. As a result, energy
regulators may soon face hydrogen-related proposals or feel hydrogen'’s influence on
traditional electric and natural gas sectors—and in several jurisdictions, this has begun
playing out already. If regulators take nothing else from this paper, it should be this: It
is worth developing a proactive approach to regulating hydrogen—including engaging
in inter-agency coordination—to arrive at least-regrets decisions.

Regulators can use a holistic understanding of the hydrogen landscape and how it
intersects with their jurisdictional context in order to make wise judgments. For
example, regulators will need to separate hype from reality in hydrogen demand
forecasts—both in terms of where hydrogen will likely be competitive with alternative
technologies for decarbonizing specific end uses and in the aggregate—and stay on
top of the latest assessments. They will also need to discern where hydrogen
production will likely originate, both in terms of technology and location. Such
assessments will help regulators better judge which hydrogen-related investments are
prudent, how to co-develop the hydrogen, electric, and gas sectors in a manner that
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avoids putting excess risk or undue cost on consumers, and how to prevent hydrogen
from putting people’s safety at risk. Regulators will also benefit from understanding
how hydrogen-related policy goals, emissions accounting schemes, local air pollution
risks, and water needs may impact the industry’'s development.

With visibility into the issues most likely to affect them, regulators can develop a
proactive approach to low-emissions hydrogen that can influence or best manage
government policies, energy company proposals, and economic realities. This in turn
supports their core mandate of ensuring affordable, reliable, and safe energy services.
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Regulatory oversight of hydrogen infrastructure:
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APPENDIX B: HYDROGEN BACKGROUND

A large but narrowly-focused hydrogen industry exists today, with 97 MMT produced
globally in 2023.8° This production derives almost exclusively from fossil fuels and emits
920 MMT of CO: per year (nearly 2 percent of global GHG emissions).®' Almost all of this
hydrogen is used to refine oil, make chemicals (mostly ammonia and methanol), or
purify iron ore for steelmaking. Hydrogen production and use generally takes place
either at industrial sites paired with large co-located users, or within dense industrial
clusters with purpose-built hydrogen pipelines.

Hydrogen is of growing interest for the energy transition because—at least in theory—
it can be produced without emitting greenhouse gases and it can be used to provide
many of the same services as fossil fuels across all economic sectors. While low-
emissions hydrogen may not be able to compete with alternative clean technologies
in most arenas, it holds potential to decarbonize applications that are hard or
impossible to electrify. Thus, its near-term development is important to decarbonizing
global energy systems by 2050. This potential, paired with energy security and
economic value, has led to policies intended to clean up and expand the industry.

However, hydrogen is not necessarily a low-emissions or cost-effective solution, and its
production and use bring a new suite of challenges. If hydrogen policies and
regulations are not designed with care, they could delay, reverse, or raise the cost of
emission reductions and endanger public health and safety.®? Even in jurisdictions
where energy regulators have little or no control over the emissions intensity of
hydrogen production or a government’s hydrogen goals, it is important to understand
hydrogen’s value proposition and how it can support or hinder progress toward climate
goals, as this supports prudent action on those issues that do fall in their purview.

Ultimately, hydrogen is a means to an end in decarbonization, not an end in itself (at
least, beyond its existing uses). To the degree hydrogen is pursued strictly for economic
reasons, it is unlikely to deliver on its promise. New demand for hydrogen will only
materialize if buyers trust that the hydrogen will reduce emissions relative to the status
quo. Further, if hydrogen subsidies drive its use in sectors where other clean
technologies would outcompete it on a level playing field, that demand may quickly
dry up aswell. Even if regulators lack control over hydrogen policy, understanding these
dynamics can help make decisions that keep costs low (such as by minimizing
spending on would-be stranded assets) while supporting the type of hydrogen growth
that can meet jurisdictions’ climate and economic development goals.

Hydrogen properties

Hydrogen is a tricky molecule to manage. As the smallest molecule in the universe, it is
especially prone to leakage, which can threaten public safety, project economics, and
climate. Hydrogen gas is colorless and odorless, and unlike natural gas (methane), it

Energy Innovation



45

does not pair with an odorant that would allow for detecting leaks via smell. Relative to
natural gas, hydrogen ignites far more easily (with a barely perceptible flame), has a
higher flame temperature (which can drive higher NOx emissions from combustion),
and has a faster flame speed (which can travel back through gas lines and damage
equipment).®® In general, hydrogen's physical challenges can be managed, but it is
generally easier to do so in open-air industrial settings with trained personnel, robust
safety standards, monitoring equipment, and infrastructure built specifically to
manage hydrogen.

Hydrogen's properties also have economic and climate impacts related to its transport
and use. It requires much lower temperatures and higher energy use than natural gas
to liquify and transport via truck or maritime vessel. It has a global warming impact
approximately 37 times higher than CO; over a 20-year timespan, meaning leaks
throughout its value chain can diminish its climate benefits.®* And it has a volumetric
energy density of about a third of methane, meaning that blending hydrogen and
methane will deliver lower-than-expected GHG emissions reductions and energy
content. For example, a 20 percent blend of hydrogen with methane will only reduce
emissions by approximately 7 percent (assuming zero-emissions hydrogen), and it will
deliver less heat than 100 percent methane, all else equal, with implications for power
plant output.®

Figure 7. Relationship between CO2 emissions and hydrogen/methane
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Hydrogen production

While hydrogen contains no carbon and does not emit CO, when consumed, the
conventional hydrogen production process is highly polluting. Nearly all hydrogen
today is made from natural gas or gasified coal in the steam methane reformation
process, in which steam is used to split hydrogen from the methane (CH4) molecule
(often termed “gray” hydrogen). This process emits approximately 10 to 26
kgCO.e/kgH2.8” By comparison, using this hydrogen to displace natural gas in power
generation would only offset 7 kgCO.e/kgH,.%8

“Low-emissions” hydrogen generally refers to reducing the emissions intensity of
hydrogen production to below a certain point (e.g., 4 kgCO.e/kgH: in the U.S.)—though
this value varies by jurisdiction and regulation. Even then, jurisdictions targeting net
zero economies will likely need to lower these thresholds over time.®® In general, low-
emissions hydrogen policy support (including access to lucrative subsidies and
expansive export markets) requires adhering to specific project designs and emissions
accounting rules. While there are many paths to reducing hydrogen production’s
emissions intensity, they generally fall in three camps:

1. Using clean electricity to split hydrogen from water (H-O) via electrolysis
(often called “green” or “renewable” hydrogen). Electrolysis offers a pathway
to make zero-carbon hydrogen at prices lower than today's fossil-based
hydrogen while supporting the integration of variable renewable energy on the
power grid. However, the emissions intensity of electrolytic hydrogen depends
on the source of electricity—electrolyzers that increase reliance on natural gas-
or coal-fired power result in hydrogen with emissions intensities far higher than
steam methane reformation (15 to 50 kgCO.e/kgH,).*° Upstream emissions
accounting for electrolytic hydrogen is extremely technical and requires
consideration of marginal grid impacts, offset schemes, and reporting
requirements. In the U.S. and EU, this has led to “three pillars” schemes that
require electrolyzers to use new, deliverable, hourly-matched clean electricity to
count as zero-carbon or renewable hydrogen.”

2. Capturing some or all of the carbon from processes that produce hydrogen
from fossil fuels or biomass (often called “blue” hydrogen). This may include
conventional steam methane reformation with CCUS, autothermal reforming
with CCUS (which can achieve higher CO, capture rates), or pyrolysis (which
produces solid carbon and may be termed “turquoise” hydrogen).®? Core
challenges include upstream methane leakage, carbon capture performance
issues (e.g., achieving much lower capture rates than promised), and long-term
dependence on policy support (e.g., tax credits, carbon pricing) due to adding
CCUS equipment and operational costs to the hydrogen production process.

3. Drilling for “geologic” or “natural” hydrogen in underground deposits. This
could be a boon if deposits are discovered in economically viable quantities and
locations, but hydrogen deposit discovery is still highly uncertain today.
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Hydrogen use

Hydrogen can be used as a chemical feedstock to make or alter other compounds, to
produce heat from combustion, or to generate electricity from fuel cells. Hydrogen'’s
chemical feedstock uses include refining, making chemicals, purifying iron ore for
steelmaking, and producing e-fuels for long-haul marine shipping and aviation. These
products all face little competition from alternative low-carbon technologies and are
likely to require at least some low-emissions hydrogen in a clean economy. At
minimum, an enormous global market (97 MMT in 2023) exists for cleaning up existing
uses of dirty hydrogen, and this should be a top priority for the use of low-emissions
hydrogen.®

By contrast, hydrogen’s energy uses—whether via combustion to produce heat or fuel
cells to generate electricity—may struggle to compete with more efficient electric
alternatives (for buildings, ground transportation, and at least low- and medium-
temperature industrial heat) or more efficient clean energy and energy storage
resources (for power generation). One potential exception is hydrogen used for
seasonal to multi-annual energy storage, as it is possible to store very large volumes of
hydrogen underground for re-conversion to electricity during periods of low renewable
energy output. Hydrogen may also be situationally more competitive for certain high-
temperature industrial process heat applications.

In sum, a large low-emissions hydrogen economy will be important for decarbonizing
the feedstock-based applications, but its extension to energy-based applications often
risks raising consumer costs due to bypassing or replacing more efficient, lower cost
technologies.

Figure 8. Electrolytic hydrogen’s competitive prospects for decarbonization
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or unlikely to be competitive with alternative decarbonization technologies like electrification
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and biofuels. Even “terrible” applications may see rare exceptions in some jurisdictions or
circumstances, but as a general rule, hydrogen will not be a financially viable option. In some
cases, the ranking represents a weighted average—for example, for industrial process heat,
electrolytic hydrogen may have viable applications in high-temperature applications but fewer
competitive opportunities for serving low- and medium-temperature needs. See Energy
Innovation's “Hydrogen Policy’s Narrow Path: Delusions & Solutions” paper for more detail.®*
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